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A b s t r a c t
I v e r s o n ,  Susan D. ,  M. S . ,  A pr i l  1989 E x e r c i s e  Phys io logy
COMPARISON OF PHYSICAL FITNESS AND BLOOD GLUCOSE BETWEEN TYPE II 
DIABETICS AND OVERWEIGHT NONDIABETICS AFTER 12 WEEKS OF EXERCISE
D i r e c t o r  o f  T h e s i s :  Lawrence A. Go ld ing ,  Ph.D.
This  s tudy  compared body c o m p o s i t i o n ,  c a r d i o v a s c u l a r  c a p a c i t y ,
f l e x i b i l i t y ,  m uscu la r  s t r e n g t h  and endu rance ,  and blood g lu co s e  o f
ty p e  II  d i a b e t i c s  t o  o v e rw e ig h t ,  n o n d i a b e t i c s  p a r t i c i p a t i n g  in a 12
week endurance  t r a i n i n g  program. Five t y p e  II d i a b e t i c s ,  ages  52 t o
67,  were compared t o  e i g h t  overw eigh t  n o n d i a b e t i c s ,  ages  18 t o  66.
The "Y 's  Way t o  Phys ica l  F i t n e s s "  b a t t e r y  o f  t e s t s  was used th rou g h o u t
(Golding e t  a l . ,  1982) .  Blood g lucose  was measured wi th  a p o r t a b l e
m ete r  u s ing  a f i n g e r  p r i c k  and a s t e r i l e ,  d i s p o s a b l e  l a n c e t .  Using a
c o r r e l a t e d  t - t e s t ,  t h e  fo l l o w i n g  v a r i a b l e s  were ana ly zed  t o  de te rm ine
i f  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  in  f i t n e s s  a f t e r  t r a i n i n g :
w e i g h t ,  p e rc e n t  body f a t ,  r e s t i n g  h e a r t  r a t e ,  f l e x i b i l i t y ,  one-minute
rec ove ry  h e a r t  r a t e ,  bench p r e s s ,  s i t u p s ,  V02 max, and PWC max.
Combined groups showed s i g n i f i c a n t  improvements in f l e x i b i l i t y ,
one-minute  r ec ove ry  h e a r t  r a t e ,  bench p r e s s ,  s i t u p s ,  V02 max 
-1 -1
(ml.kg  /min ) and PWC max. A u n i v a r i a t e  F - t e s t  was used in  a one­
way a n a l y s i s  o f  v a r i a n c e  t o  compare mean i n d iv i d u a l  group d i f f e r e n c e s  
on f i t n e s s  measures  a f t e r  t r a i n i n g .  There were no s i g n i f i c a n t  
d i f f e r e n c e s  between groups in  any v a r i a b l e  t e s t e d .  Using a r e p e a te d  
measures  m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,  group mean p re  and p os t
e x e r c i s e  blood g l u c o s e  v a lu e s  were compared. Tukey HSD p os t  hoc 
a n a l y s i s  r e v e a l e d  d i f f e r e n c e s  between t h e  means.  S i g n i f i c a n t  
d i f f e r e n c e s  were found between t h e  groups and between t h e  d i a b e t i c ' s  
p re  and pos t  e x e r c i s e  blood g lucose  l e v e l s .  There was no s i g n i f i c a n t  
d i f f e r e n c e  in pre' and p os t  e x e r c i s e  blood g lu co s e  f o r  t h e  n o n d i a b e t i c  
group.  Since s i g n i f i c a n t  improvements in f i t n e s s  oc c u r r e d  f o r  both 
g r o u p s ,  but  no s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  between t h e  g ro u p s ,  and 
a s i g n i f i c a n t  d e c r e a s e  in  blood g lucose  o c c u r r e d  f o r  t h e  d i a b e t i c  
g roup ,  i t  i s  though t  t h a t  type  II  d i a b e t i c s  and overweight  
n o n d i a b e t i c s  can a c h ie v e  p a r a l l e l  b e n e f i t s  from t h e  same c o n d i t i o n i n g  
program.
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Chapter  1 
INTRODUCTION
E s t im a te s  by t h e  American D iabe te s  A s s o c i a t i o n  i n d i c a t e  t h a t  
over  11 p e rc e n t  o f  t h e  U.S. p o p u l a t io n  a r e  d i a b e t i c ,  wi th  a m a j o r i t y  
o f  t h o s e  a f f l i c t e d  be in g  obese (Coram, 1986) ( C r o c k e t t ,  1980) .  Two 
t y p e s  o f  d i a b e t e s  e x i s t ,  t y p e  I ,  commonly r e f e r r e d  t o  as  j u v e n i l e  
d i a b e t e s ,  and ty p e  I I ,  known as  N on- In su l in  Dependent Diabe te s  
M e l l i t u s  (NIDDM), o r  a d u l t  onse t  d i a b e t e s .
Type II  D iabe te s  i s  a m e ta bo l i c  d i s o r d e r  c h a r a c t e r i z e d  by i n ­
e f f i c i e n t  u t i l i z a t i o n  o f  i n s u l i n  (Cunningham, 1985) .  Type I I  
d i a b e t i c s  have a high f requency  o f  o b e s i t y ,  u s u a l l y  demons t ra te  
reduced  phys ic a l  a c t i v i t y ,  and o f t e n  s u f f e r  from h y p e r t e n s io n  and 
h y p e r l i p id e m ia  (Kemmer, 1986) .  Treatment  i s  f r e q u e n t l y  aimed a t  
r e v e r s i n g  t h e s e  a b n o r m a l i t i e s ,  however , means o f  c o n t r o l l i n g  t h i s  
m e t a b o l i c  d i s o r d e r  have been a source o f  c o n t r o v e r s y  s in c e  t h e  e a r l y  
1 9 0 0 ' s .  The main c o n t r o v e r s i a l  t o p i c  be ing t h e  r o l e  o f  e x e r c i s e  as  a 
t r e a t m e n t  (B e rg e r ,  1979-1982)  ( K o i v i s t o ,  1979) .  A pr imary concern f o r  
t y p e  I I  p a t i e n t s  i s  c o n t r o l  o f  blood g lu co s e  l e v e l s .  D i e t a r y  
r e s t r i c t i o n ,  we ight  r e d u c t i o n  and e x e r c i s e  have h i s t o r i c a l l y  been th e  
p r im ary  means f o r  c o n t r o l l i n g  blood g lucose  in  t y p e  I I  p a t i e n t s .  
Phys ica l  e x e r c i s e  and t r a i n i n g  have been recommended as  an i n t e g r a l  
p a r t  o f  t h e r a p y ,  bu t  on ly  l i m i t e d  d a t a  a r e  a v a i l a b l e  t o  p o s i t i v e l y
d e te r m in e  t h e  b e n e f i c i a l  e f f e c t s  o f  p h ys ic a l  e x e r t i o n  in  no rm al iz in g  
t h e  m etabo l i sm.  ( B e rg e r ,  1982) .
P a s t  s t u d i e s  have c o n c e n t r a t e d  on d e te rm in ing  whe the r  e x e r c i s e  
i s  a s u i t a b l e  t r e a t m e n t  f o r  g lucose  i n t o l e r a n c e  in  NIDDM ( S a l t i n ,
1979) ( K o i v i s t o ,  1984) (Hor ton,  1988) .  I t  has been documented (Nowalk 
and K r i s k a ,  1986) (Ruderman, 1986) t h a t  pr e  t o  pos t  blood g lucose  
l e v e l s  d e c r e a s e  wi th  e x e r c i s e ,  however t h e  e f f e c t s  on g lucose  
metabol i sm were moderate  and o f  s h o r t  d u r a t i o n .  I t  has a l s o  been 
sugges ted  ( K r o tk i e w s k i , 1985) t h a t  on ly  a subgroup o f  t y p e  II  p a t i e n t s  
( t h o s e  w i th o u t  c o l l a t e r a l  h e a l t h  r i s k s )  could b e n e f i t  from phys ic a l  
t r a i n i n g .
Although blood g lucose  l e v e l s  may or  may not  be b e n e f i c i a l l y  
a f f e c t e d  by e x e r c i s e ,  t h e  h e a l t h  r i s k s  must be c o n s id e r e d .  P a t i e n t s  
wi th  NIDDM have i n c r e a s e d  co ro n a ry  r i s k  because o f  h y p e r l i p id e m i a ,  
h y p e r t e n s i o n ,  and o b e s i t y  (Bergman, 1985) ( F e l i g ,  1981) ( C r o c k e t t ,
1980) .  While c o n f l i c t i n g  o p in io n s  remain r e g a r d in g  e x e r c i s e  in  t h i s  
p o p u l a t i o n  ( S c h n e i d e r ,  1984) (H or ton ,  1988) ,  t h e r e  remains a 
r e s u r g e n c e  o f  suppo r t  f o r  use o f  e x e r c i s e  as one o f  t h e  p r i n c i p l e  
means o f  t r e a t m e n t  in  NIDDM. Regula r  e x e r c i s e  i s  known t o  i n c r e a s e  
i n s u l i n  s e n s i t i v i t y  and p h ys ic a l  f i t n e s s ,  and combined wi th  d i e t  
( S e g a l ,  1986) may enhance weight  r e d u c t i o n .  Al though,  i t  i s  u n c l e a r  
whether  t h e  m e ta b o l i c  and p h y s i o l o g i c a l  a l t e r a t i o n s  a s s o c i a t e d  with 
e x e r c i s e  and t r a i n i n g  have c o n t inue d  t h e r a p e u t i c  v a lu e  in  d i a b e t i c  
c o n t r o l .  To d a t e ,  t h e r e  i s  l i t t l e  r e s e a r c h  a v a i l a b l e  documenting 
whether  t y p e  II  d i a b e t i c s  a re  c a pab le  o f  a t t a i n i n g  i n c r e a s e s  in 
p h ys ic a l  f i t n e s s  comparable  t o  t h e  n o n d i a b e t i c ,  obese p o p u la t io n
group.  S tu d ie s  have qu e s t io n e d  (Coram, 1986) (McMillan,  1978-1979) 
whether  i n d i v i d u a l s  s u f f e r i n g  from NIDDM a r e  a b le  t o  p a r t i c i p a t e  in 
e x e r c i s e  programs not  s p e c i f i c a l l y  des ig ned  f o r  t h e  d i a b e t i c .
However, r e c e n t  use o f  e x e r c i s e  programs des igned  t o  meet t h e  
req u i r em e n ts  o f  a s p e c i f i c  f i t n e s s  l ev e l  have proven b e n e f i c i a l  t o  
bo th  normal and d i a b e t i c  p o p u l a t i o n s .
STATEMENT OF THE PROBLEM
Research  i s  needed t o  de te rm ine  i f  t y p e  II  d i a b e t i c s  can 
i n c r e a s e  phys ica l  f i t n e s s  and m a in ta in  c o n t r o l  o f  blood g lu co s e  on 
e x e r c i s e  programs des igned  f o r  obese n o n d i a b e t i c s .  This  s tu d y ,  
t h e r e f o r e ,  i n v e s t i g a t e d  t h e  e f f e c t s  o f  t r a i n i n g  on phys ica l  f i t n e s s  
l e v e l s  and pre  t o  p os t  e x e r c i s e  blood g lu co s e  l e v e l s  in  both a Type II 
NIDDM d i a b e t i c  and n o n d i a b e t i c ,  obese p o p u l a t i o n .
PURPOSE OF THE STUDY
The purpose o f  t h i s  s tudy  was: 1) t o  measure t h e  phys ica l
f i t n e s s  changes in  d i a b e t i c  and n o n d i a b e t i c  s u b j e c t s  over  a 12 week 
e x e r c i s e  program; 2) t o  compare t h e  pre  and pos t  e x e r c i s e  blood 
g lu co s e  l e v e l s  bo th  w i t h in  and between g roups .
LIMITATIONS
1) S u b j e c t s  were not  randomly s e l e c t e d ,  but  were v o l u n t e e r s  
o b t a i n e d  th rough  p h y s i c i a n  r e f e r r a l s ,  newspapers ,  and f l y e r s .  The low 
number o f  s u b j e c t s  who v o l u n te e re d  had a wide age range  (18 t o  67) .
Age p lus  m a t u r a t i o n a l  e f f e c t  proved t o  be a major  l i m i t a t i o n .
2) S u b j e c t s  were asked not  t o  do any e x e r c i s e  excep t  t h e  
e xpe r im en ta l  program, but  some s u b j e c t s  chose t o  c o n t i n u e  t h e i r  
pe rsona l  f i t n e s s  programs.
3) At tendance  proved t o  be a major  l i m i t i n g  f a c t o r  in  t h i s
s tu d y .
4) Since  s u b j e c t s  m a in ta ine d  p h y s ic i a n  recommended d i e t s ,  t h e r e  
was no c o n t r o l  over  weight  r e d u c t i o n .
5) The e f f e c t  o f  a wide sp read  he te rogenous  p o p u l a t io n  h indered  
t h e  power o f  t h e  s t a t i s t i c a l  a n a l y s i s  and l i m i t e d  i n f e r e n c e s  from t h e  
s tu d y .
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Chapter  2 
REVIEW OF LITERATURE 
EPIDEMIOLOGY OF NON-INSULIN DEPENDENT DIABETES MELLITUS
The h i s t o r y  o f  d i a b e t e s  d a t e s  back t o  c e n t u r i e s  b e f o r e  C h r i s t  
when i t  was f i r s t  d e s c r i b e d  as  an i l l n e s s  a s s o c i a t e d  w i th  t h e  pa ssage  
o f  much u r i n e .  The f i r s t  c l i n i c a l  d e s c r i p t i o n  came from t h e  Greek 
p h y s i c i a n ,  A re taeus  o f  Cappadoc is ,  who termed d i a b e t e s  as "a m e l t i n g  
down o f  t h e  f l e s h  and l imbs i n t o  u r i n e . "  C e n t u r i e s  l a t e r  ( l a t e  
1 6 0 0 ' s)  t h e  name d i a b e t e s  m e l l i t u s  ( s iphoned honey) was adopted f o r  a 
c o n d i t i o n  where u r in e  i s  sweet and s t i c k y  ( J o s l i n ,  1985) .
In t h e  19th c e n t u r y ,  c o m p l i c a t io n s  o f  d i a b e t e s  were r ecogn ized  
and two v a r i e t i e s  were named: (1) I n s u l i n - d e p e n d e n t  d i a b e t e s  m e l l i t u s
f o r  j u v e n i l e - o n s e t  t y p e  (IDDM; t y p e  I ) ,  and (2) N o n - i n s u l i n  dependent  
d i a b e t e s  m e l l i t u s  f o r  m a t u r i t y - o n s e t  t y p e  (NIDDM; t y p e  I I ) .  The most 
p r e v a l e n t  form i s  t y p e  II d i a b e t e s ,  r e p o r t e d  in  4 t o  5 p e r c e n t  o f  t h e  
United S t a t e s  p o p u la t io n  ( I n t e r n a t i o n a l  D iabe te s  C e n t e r ,  1988) .
CHARACTERISTICS OF TYPE II  DIABETES
NIDDM i s  a m e ta b o l i c  d i s o r d e r  c h a r a c t e r i z e d  by i n e f f e c t i v e  
u t i l i z a t i o n  o f  i n s u l i n  (Cunningham, 1985) and g lucose  i n t o l e r a n c e  
( S u l l i v a n ,  1982) .  The exac t  p a th o p h y s i o l o g i c a l  mechanisms behind th e  
d i s e a s e  a r e  on ly  p a r t l y  u n d e r s t o o d ,  bu t  t h e  b a s i c  c h a r a c t e r i s t i c s  and
p h y s i o l o g i c a l  mechanisms have been well documented ( B e rg e r ,  1982) 
(Hor to n ,  1988) (Kemmer, 1983) .  The on s e t  o f  t y p e  II  d i a b e t e s  
g e n e r a l l y  occurs  a f t e r  t h e  age o f  40 y e a r s ,  bu t  may deve lo p  in 
a d o le s c e n c e  ( T a y lo r ,  1984) .  In NIDDM, plasma i n s u l i n  l e v e l s  may be 
normal ,  s l i g h t l y  below normal ,  o r  i n c r e a s e d  in  t h e  p re se nc e  o f  o b e s i t y  
o r  o t h e r  c o m p l i c a t io n s  ( K r o t k i e w s k i , 1985) .  O bes i ty  i s  a common 
c h a r a c t e r i s t i c ,  found in  e i g h t y  p e rc e n t  o f  t y p e  II  p a t i e n t s  ( C r o c k e t t ,
1980) ,  and has been c o n s id e r e d  t o  be an i n d i v i d u a l  cause  in some c a se s  
(Kukkonen, 1982).
In c o n t r a s t  t o  t y p e  I d i a b e t e s ,  NIDDM a r e  not  dependent  on 
exogenous i n s u l i n  nor  d i s p l a y  t h e  c l a s s i c  symptoms o f  k e t o a c i d o s i s ,  o r  
c i r c u l a t i n g  i s l e t - c e l l  a n t i b o d i e s  ( J o s l i n ,  1985) .  Type II  d i a b e t e s  
appears  t o  be h e r e d i t a r y  and i s  not  a s s o c i a t e d  wi th  h i s t o ­
c o m p a t i b i l i t y ,  where as  t y p e  I i s  he te rogeneous  and a s s o c i a t e d  wi th  a 
chromosome h i s t o c o m p a t i b i l i t y  on chromosome 6 ( S k y l e r ,  1982) .  Type II  
can g e n e r a l l y  be c o n t r o l l e d  by d i e t ,  however,  s e v e r e  hyperg lycemia  and 
h y p e r i n s u l i n e m i a  from hormonal o v e r a c t i v i t y  may r e q u i r e  t h e  use o f  
o r a l  a g e n t s  ( J o s l i n ,  1985) .
S t r u c t u r a l  and f u n c t i o n a l  a l t e r a t i o n s  common in NIDDM (see  
s e c t i o n  on a s s o c i a t e d  d i s e a s e s )  i n c l u d e :  p r o l i f e r a t i v e  r e t i n o p a t h y  
( D e l i o ,  1985) ,  autonomic neuropa thy  (Hor ton ,  1988) ,  and 
m ic roang iopa thy  (Coram, 1986) .  I n d i v i d u a l s  w i th  NIDDM have an 
i n c r e a s e d  r i s k  o f  Coronary A r t e r y  Disease  ( H a r r i g a n ,  1988) ( I s r e a l ,
1981) ,  wi th  p e r i p h e r a l  v a s c u l a r  d i s e a s e  and c e r e b r a l  m acroang iopa thy 
oc c u r in g  2 t o  3 t im es  more f r e q u e n t l y  than  in  n o n d i a b e t i c s .  Cur rent  
r e s e a r c h  (G in sb e rg ,  1988) r e p o r t e d  c o rona ry  h e a r t  d i s e a s e  t o  be t h e
l e a d i n g  cause  o f  d e a th  in  NIDDM.
C h a r a c t e r i s t i c s  o f  t y p e  II  d i a b e t e s  d e f i n e  a m u l t i  f a c t o r i a l  
d i s e a s e  wi th  many a s s o c i a t e d  d i s o r d e r s  and c a u s e s .  Fuel r e g u l a t i o n  
has an i n t e r v e n i n g  e f f e c t .
FUEL REGULATION IN APPARENTLY HEALTHY INDIVIDUALS
The major  e n e r g y - y i e l d i n g  s u b s t r a t e s  f o r  t h e  r e s t i n g  and working 
m u sc l e s ,  in  normal and d i a b e t i c  i n d i v i d u a l s ,  a r e  g lucose  and f r e e  
f a t t y  a c i d s ,  wi th  amino a c id s  and ke tone  bod ies  p l ay in g  a minor  r o l e  
(Kemmer e t  a l . ,  1983) .  The f u e l s  a r e  d e r i v e d  from t h e  c i r c u l a t i o n ,  
and s t o r e s  in  t h e  m usc le ,  l i v e r ,  and ad ip o s e  t i s s u e .  The l i v e r  has 
p r i n c i p l e  c o n t r o l  over  t h e  pathways t h a t  n u t r i e n t s  t a k e .  The l i v e r  i s  
t h e  on ly  organ a b l e  t o  supp ly  g lucose  t o  t h e  c i r c u l a t i o n ,  and 
p a r t i c i p a t e s  in removing g lucose  not  immediate ly  needed.  The l i v e r :  
(1) s y n t h e s i z e s  glycogen from g l u c o s e ,  s t o r e s  i t ,  and r e c o n v e r t s  i t  
back t o  g lu co s e  as  needed ( g l y c o g e n o l y s i s ) ; (2)  deamin izes  amino a c id s  
f o r  use in  t h e  s y n t h e s i s  o f  g lu c o s e  ( g lu c o n e o g e n e s i s )  when glycogen  
s t o r e s  a re  d e p l e t e d ;  and (3) t r a n s f o r m s  exces s  g lucose  i n t o  f a t t y  
a c i d s  ( 1 i p o g e n e s i s )  us ing  t h e  g l y c e r o l  component t o  form g lu c o s e  
(Robinson e t  a l . ,  1982) .
Fuel a v a i l a b i l i t y  i s  dependen t  on c o n c e n t r a t i o n s  o f  r e g u l a t o r y  
hormones.  I n s u l i n ,  s e c r e t e d  by t h e  b e ta  c e l l s  o f  t h e  i s l e t s  o f  
Langerhans ,  appe a r s  t o  be t h e  key hormone e s s e n t i a l  f o r  t h e  
u t i l i z a t i o n  and s t o r a g e  o f  n u t r i e n t s  (Ga lbo ,  1986) .  C a rbohyd ra te ,  
p r o t e i n ,  and f a t  a l l  r e q u i r e  i n s u l i n  f o r  metabol i sm.  A pr imary  
f u n c t i o n  o f  i n s u l i n  ( s e e  s e c t i o n  on hormones in fue l  metabo l i sm)  i s  t o
t r a n s p o r t  g lucose  th rough  t h e  c e l l  membranes o f  muscle and f a t  by 
a t t a c h i n g  t o  an i n s u l i n  r e c e p t o r  l o c a t e d  on t h e  s u r f a c e  o f  t h e  c e l l s .  
In normal i n d i v i d u a l s ,  t h e r e  i s  s u f f i c i e n t  i n s u l i n  s e c r e t i o n  and 
u t i l i z a t i o n  by t h e  c e l l s  so t h a t  any i n c r e a s e  in  g lucose  uptake  i s  
p r e c i s e l y  matched by adequa te  amounts o f  g lu co s e  ou tp u t  th rough  t h e  
p r o c e s s e s s  o f  g l y c o g e n o l y s i s  and g l u c o n e o g e n i s i s .  Thus, normoglycemi 
can be m ain ta ined  and s u f f i c i e n t  energy i s  a v a i l a b l e  f o r  a l l  v i t a l  
o rgans  (Kemmer, 1983) .  When t h e  u t i l i z a t i o n  o f  i n s u l i n  i s  
i n e f f e c t i v e ,  t h e  fo rm a t ion  o f  glycogen i s  d e c r e a s e d ,  and th e  
u t i l i z a t i o n  o f  g lucose  in t h e  p e r i p h e r y  reduced .  As a consequence ,  
g lu co s e  t h a t  e n t e r s  t h e  c i r c u l a t i o n  i s  removed more s lowly  r e s u l t i n g  
in  hype rg lycemia .
HORMONAL REGULATION OF FUEL
The only hormone known t o  lower blood suga r  i s  i n s u l i n  
(Robinson,  e t  a l . ,  1982) .  I n s u l i n  i s  c l a s s i f i e d  as  a p o l y p e p t id e  
hormone t h a t  i s  s y n t h e s i z e d  in  t h e  pancreas  and s e c r e t e d  by t h e  by 
b e ta  c e l l s  o f  t h e  i s l e t s  o f  Langerhans .  S e c re t e d  i n s u l i n  i s  
t r a n s p o r t e d  th rough  t h e  body v i a  t h e  blood s t r eam  and i s  c a t a b o l i z e d  
by muscle t i s s u e ,  l i v e r ,  and k idneys .  S p e c i f i c  f u n c t i o n s  o f  i n s u l i n  
a r e  t o  promote a n a b o l i c  p r o c e s s e s .  I n s u l i n  i n c r e a s e s  t h e  r a t e  o f  
s y n t h e s i s  o f  g lycogen ,  f a t t y  a c i d s ,  and p r o t e i n s  ( S t r y e r ,  1988) ,  and 
i n h i b i t s  c a t a b o l i c  p r o c e s s e s  t h a t  breakdown glycogen  and f a t .  
Abnormally high l e v e l s  o f  i n s u l i n  cause  t h e  l i v e r  t o  absorb  g lucose  
d i r e c t l y  from t h e  blood where i t  i s  c o n v e r t ed  t o  glycogen  and s t o r e d  
in  e i t h e r  t h e  l i v e r  o r  muscle t i s s u e .  C onve r se ly ,  t h e  r e l a t i v e
absence  o f  i n s u l i n  (hypoglycemic e f f e c t )  causes  t h e  l i v e r  t o  r e l e a s e  
g lucose  i n t o  t h e  blood t o  f a c i l i t a t e  muscle  a c t i v i t y .  A d d i t i o n a l l y ,  
d e f i c i e n t  i n s u l i n  l e v e l s  cause  t h e  r e l e a s e  o f  f r e e  f a t t y  a c i d s  which,  
in  t u r n ,  p r e v e n t s  c e l l u l a r  g lucose  use (Kenna, 1983) .
The main a c t i o n  o f  i n s u l i n  i s  t o  promote t h e  e n t r y  o f  g lucose  
and some amino a c id s  i n t o  t h e  muscle  and f a t  c e l l s ,  t h e r e b y  lowering  
blood g l u c o s e .  I t  a c t s  by b in d in g  t o  r e c e p t o r s  in t h e  plasma membrane 
o f  t a r g e t  c e l l s  (m usc le ,  l i v e r  and ad ipose  c e l l s ) .  Once bound,  t h e  
r e c e p t o r  becomes a c t i v a t e d  t o  c a t a l y z e  t h e  p h o s p h o ry l a t i o n  o f  t y r o s i n e  
r e s i d u e s  n e c e s s a r y . f o r  g lucose  u t i l i z a t i o n .  I t  i s  s t i l l  not  
unde rs tood  how t h e  b ind ing  o f  i n s u l i n  t o  t h e  e x t r a c e l l u l a r  r e c e p t o r  
s i g n a l s  t y r o s i n e  k in as e  a c t i v i t y  on t h e  c y s t o l i c  s i d e  ( S t r y e r ,  1988) ,  
o r  i f  i n s u l i n  does more than  induce  t y r o s i n e  k inase  a c t i v i t y .
Coun te rba lanced  by i n s u l i n  i s  t h e  hormone g lucagon .  Glucagon i s  
a p o ly p e p t id e  hormone s e c r e t e d  by t h e  a lpha  c e l l s  o f  t h e  panc reas  in 
response  t o  low blood s u g a r .  I t  i s  b e l i e v e d  (Galbo,  1986) t o  a c t i v a t e  
p h ospho ry la se  t o  i n i t i a t e  g l y c o g e n o l y s i s  in  t h e  l i v e r .  In mammals, a 
d e c r e a s e  in  glucagon c o n c e n t r a t i o n  i s  found dur in g  b r i e f  p e r i o d s  of  
phys ica l  a c t i v i t y ,  however,  in  r a t s  and sheep t h e  glucagon 
c o n c e n t r a t i o n  i n c r e a s e s  e a r l y  in  e x e r c i s e  (Galbo,  1986) .  Decreased 
g lu co s e  a v a i l a b i l i t y  s t i m u l a t e s  glucagon s e c r e t i o n  t o  s ig n a l  g lucose  
p r o d u c t io n  (Kowolsk i ,  1981) ,  wi th  c o n t r i b u t i n g  f a c t o r s  be in g  a 
d im in ished  t i s s u e  c o n c e n t r a t i o n  o f  i n s u l i n ,  and i n c r e a s e d  plasma 
c o n c e n t r a t i o n s  o f  o t h e r  hormones (growth hormone, c r o t i s o l ,  g a s t r i n ,  
and v a s o a c t i v e  i n t e s t i n a l  p o l y p e p t id e )  (Galbo,  1985) .  Vranic  e t  a l .  
(1983) found graded i n f u s i o n s  o f  g lucagon r e s u l t s  in more marked
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hyperg lycemic  r e s p o n s e  in  obese than  l ea n  i n d i v i d u a l s ,  and sugges ted  
r e c e p t o r  i n s e n s i t i v i t y  o f  i n s u l i n  r a t h e r  than  an enhanced e f f e c t  o f  
glucagon on t h e  l i v e r .
I t  appears  g lucagon i s  t h e  pr imary  r e g u l a t o r  o f  h e p a t i c  g lucose  
p r o d u c t io n  du r in g  e x e r c i s e .  Vranic  e t  a l . (1976) found g lucagon ,  in  
combina t ion with an e x e r c i s e - i n d u c e d  f a l l  in  i n s u l i n ,  l a r g e l y  
r e s p o n s i b l e  f o r  matching  g lucose  p r o d u c t io n  wi th  t h e  a c c e l e r a t e d  r a t e  
o f  g lucose  up take  d u r in g  e x e r c i s e .  Supp ress ion  o f  glucagon with 
s o m a t o s t a t i n  ( see  d e f i n i t i o n  o f  t erms in  Appendix A) du r ing  s t e a d y  and 
no n - s t e a d y  s t a t e  e x e r c i s e  in  dogs c auses  a r e d u c t i o n  in  h e p a t i c  
g lu co s e  p r o d u c t i o n ,  a consequen t  f a l l  in  plasma g lu co s e  (> 25 m g / d l ) ,  
and an a t t e n u a t i o n  in  g lu co s e  up take .  A d d i t i o n a l l y ,  A l l o x a n - d i a b e t i c  
dogs have e l e v a t e d  glucagon l e v e l s  a t  r e s t  and e x a g g e ra te d  glucagon 
re sponse  t o  e x e r c i s e  compared t o  no rmals .  I t  was c a l c u l a t e d  t h a t  
glucagon c o n t r o l s  a t  l e a s t  52 % (Galbo ,  1986) o f  t h e  g lucose  r e l e a s e d  
from t h e  l i v e r  in  d i a b e t i c  dogs ,  compared t o  39% in normals .
Glucagon can a l s o  p lay  a major  r o l e  in  t h e  development  o f  
d i a b e t e s ,  or  in sudden a c c e n t u a t i o n s  o f  m e ta b o l i c  c o n t r o l  in  d i a b e t i c  
s u b j e c t s  ( V r a n ic ,  1983) .  With i n s u l i n  i n s e n s i t i v i t y ,  t h e  
c o u n te r b a l a n c e  mechanism o f  glucagon t o  produce g lucose  in  i n c r e a s e d .  
This  may u l t i m a t e l y  cause  h y p e r i n s u l i n e m i a  ( i n c r e a s e d  p e r i p h e r a l  
i n s u l i n )  o r  hyperg lycemia  ( i n c r e a s e d  blood g l u c o s e ) .  I n s u l i n  can ,  
t h e r e f o r e ,  i n d e p e n d e n t ly  i n f l u e n c e  g lucagon c o n c e n t r a t i o n s  as  
demons t ra ted  by e l e v a t e d  glucagon l e v e l s  in  s t a t e s  o f  i n s u l i n  
d e f i c i e n c y  du r in g  f a s t i n g  ( C h r i s t e n s e n ,  1983 ) ,  high f a t - l o w  
c a rb o h y d r a t e  d i e t  (Garrow,  1978) ,  and d i a b e t e s .  Hype r insu l inem ia  i s
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t y p i c a l l y  found in  o b e s i t y  ( K r o t k i e w s k i , 1980) ,  however,  s t u d i e s  
comparing glucagon r e s p o n s e s  in  obese and normal we igh t  i n d i v i d u a l s  
a r e  not  c o n c lu s i v e  ( V r a n i c ,  1983) .
Two o t h e r  r e g u l a t o r y  hormones a r e  t h e  c a te c h o la m in e  e p in e p h r in e  
and n o r e p i n e p h r i n e .  Both a r e  s e c r e t e d  by t h e  a d rena l  medul la  and 
sy m p a th e t i c  ne rve  end in gs  in  r e sponse  t o  low blood g l u c o s e  ( S t r y e r ,  
1988) .  They s t i m u l a t e  t h e  m o b i l i z a t i o n  of  glycogen  and t r i g l y c e r o l s  
l i k e  g lucagon ,  but  t h e i r  g l y c o g e n o l y t i c  e f f e c t  i s  predominant  in  t h e  
muscle r a t h e r  than  in  t h e  l i v e r .  Catecholamines  i n h i b i t  up take  o f  
g l u c o s e  by m usc le ,  a l l o w in g  f a t t y  a c id s  r e l e a s e d  from a d ip o s e  t i s s u e  
t o  s e r v e  as  f u e l .  Ep ine ph r ine  s t i m u l a t e s  t h e  s e c r e t i o n  o f  glucagon 
and i n h i b i t s  t h e  s e c r e t i o n  o f  i n s u l i n ,  t h u s  c a te c h o la m in e s  i n c r e a s e  
t h e  amount o f  g lu co s e  r e l e a s e d  in  t h e  blood by t h e  l i v e r  and d e c re a s e  
t h e  u t i l i z a t i o n  o f  g lu c o s e  by t h e  muscle ( S t r y e r ,  1988) (Robinson,  
1982) .
PATHOGENESIS OF TYPE II  DIABETES
U n t r e a t e d  NIDDM have abnormal g lucose  metabo l i sm ( D i t z e l ,  1976) 
(H e b b e l in ck ,  1974) (Ruderman, 1986) due t o  a l e v e l  o f  i n s u l i n  to o  low 
o r  l e v e l  o f  glucagon to o  high (Caron ,  1984) .  There a p p e a r s  t o  be 
p e r i p h e r a l  r e s i s t a n c e  t o  i n s u l i n  a c t i o n  a t  t h e  r e c e p t o r  l e v e l  ( i n s u l i n  
i n s e n s i t i v i t y ) ,  or  a r e d u c t i o n  in  t h e  number o f  i n s u l i n  r e c e p t o r s  
( S u l l i v a n ,  1982) ( L i v i n g s t o n ,  1988) .  T h e r e f o r e ,  t h e  d i s e a s e  i s  l i n k e d  
t o  i n s u l i n  r e s i s t a n c e  r e s u l t i n g  from a r e c e p t o r  o r  p r o r e c e p t o r  d e f e c t  
(Kemmer, 1985) ,  w i th  i n s e n s i t i v i t y  o f  t h e  g l u c o s e - s e n s i n g  mechanisms 
o f  t h e  b e ta  c e l l s  r a t h e r  t h a n  endogenous i n s u l i n  d e f i c i e n c y  (B erge r ,
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1982) ( S c h n e i d e r ,  1984) ,  and an imbalance between t h e  hormonal r e g u l a ­
t o r s  ( i n s u l i n ,  g lucagon ,  e p i n e p h r i n e  and n o r e p i n e p h r i n e )  o f  f u e l  meta­
bol ism (Caron ,  1984) .  As a r e s u l t ,  g lu co s e  i s  r e t a i n e d  in  t h e  b lood­
s t r eam  (hyperg lycem ia )  r a t h e r  than  u t i l i z e d  normally  in  metabo l i sm.
The mechanisms behind i n s u l i n  r e s i s t a n c e  a r e  not  c l e a r l y  d e f in e d  
(B e r g e r ,  1979) ,  and i t  seems l i k e l y  t h a t  t h e  p a th o g e n e s i s  i s  
m u l t i f a c t o r i a l  ( J o s l i n ,  1985) .  O b e s i ty  i s  an a s s o c i a t e d  cause  which 
may p lay  a dominant r o l e  in t h e  p a th o g e n e s i s ( 0 1 e f s k y ,  1976) .
OBESITY AND NIDDM
The e p id e m io lo g ic a l  l i n k s  between o b e s i t y  and t y p e  II  d i a b e t e s  
a r e  e x t r e m e ly  c l o s e  ( G a r r e t t ,  1985) ,  so t h a t  o b e s i t y  and d i a b e t e s  a r e  
o f t e n  t r e a t e d  as t h e  two phases  in  t h e  development  o f  t h e  same 
d i s e a s e .  Dr. E l l i o t t  J o s l i n  ( J o s l i n ,  1985) no t e s  t h a t  no p r e - e x i s t e n t  
abnormal c o n d i t i o n  has oc c u r r e d  more f r e q u e n t l y  among d i a b e t i c  
p a t i e n t s  than  o b e s i t y .  In s e d e n t a r y  obese i n d i v i d u a l s ,  t h e  overweigh t  
i s  a lm os t  c o n s i s t e n t l y  c o r r e l a t e d  t o  e l e v a t e d  i n s u l i n  c o n c e n t r a t i o n s  
in p lasma,  under  basa l  c o n d i t i o n s  and a f t e r  an o ra l  g lu c o s e  load  
( S u l l i v a n ,  1982) .  H y p e r in s u l in e m ia ,  t h e  c h ro n ic  exposure  t o  e l e v a t e d  
i n s u l i n  l e v e l s  in  t h e  p e r i p h e r a l  t i s s u e s ,  and hyperphag ia  r e s u l t  in  
reduced s e n s i t i v i t y  t o  i n s u l i n  (Kemmer, 1983) ( K r o t k i e w s k i , 1986) 
( L i v i n g s t o n ,  1988) .  A c c o rd in g ly ,  t h e  t r a n s i t i o n  from i n c r e a s i n g  
o b e s i t y  t o  t h e  development  o f  NIDDM i s  due t o  t h e  i n a b i l i t y  o f  t h e  
b e t a - c e l l s  in  t h e  panc reas  t o  meet t h e  c o n t i n u o u s l y  i n c r e a s i n g  demand 
f o r  i n s u l i n  from t h e  r e c e p t o r  d e f e c t  ( S u l l i v a n ,  1982) .
The n a t u r e  o f  i n s u l i n  r e s i s t a n c e  a t  t h e  l ev e l  o f  t h e  r e c e p t o r s
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in  t h e  c e l l  membrane o f  s k e l e t a l  m usc le ,  l i v e r  and a d ipose  t i s s u e  of  
obese i n d i v i d u a l s  remains a m a t t e r  o f  d i s c u s s i o n  ( B e rg e r ,  1979) 
( O le f s k y ,  1976) ( S u l l i v a n ,  1982) ,  and i t  i s  p o s s i b l e  t h a t  d i f f e r e n t  
c o n d i t i o n s  c h a r a c t e r i z e  d i f f e r e n t  t y p e s  o f  o b e s i t y .  S u l l i v a n  (1982) 
r e p o r t e d  a reduced  number o f  i n s u l i n - s p e c i f i c  a lpha  and b e ta  r e c e p t o r s  
in  t h e  muscle  and a d ip o c y t e s  o f  obese t y p e  II  d i a b e t i c  i n d i v i d u a l s .
On t h e  o t h e r  hand,  Ole fsky (1976) found i n s u l i n  i n s e n s i t i v i t y  was not  
due t o  a r e d u c t i o n  in t h e  number o f  i n s u l i n - b i n d i n g  r e c e p t o r s ,  but  due 
t o  r e c e p t o r  i n a c t i v a t i o n  caused from i n c r e a s e d  i n s u l i n  s e c r e t i o n  wi th  
i n c r e a s i n g  o b e s i t y .
S u l l i v a n  (1982) s u gge s te d  t h e  changes in  r e c e p t o r  a f f i n i t y  a r e  
not  d i r e c t l y  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  e f f e c t  o f  i n s u l i n ,  but  t o  
t h e  degree  o f  o b e s i t y .  Hyper in su l in em ia  may be due t o  h y p e r s e c r e t i o n  
o r  due t o  d i f f e r e n c e s  in  l i v e r  up take  ( K r o t k i e w s k i , 1985) ,  s u g g e s t i n g
both t h e  degree  o f  o b e s i t y  and r e c e p t o r  a f f i n i t y  a re  c o n t r i b u t i n g  
f a c t o r s .  Kro tk iewski  (1985) found o b e s e ,  n o n d i a b e t i c  i n d i v i d u a l s  
matched f o r  body weight  and age t o  have d i f f e r e n c e s  in  i n s u l i n  
s e c r e t i o n  due t o  i n d i v i d u a l  m e ta b o l i c  and hormonal d i f f e r e n c e s .  The 
response  t o  t r a i n i n g  a l s o  v a r i e d .  Krowkiewski grouped obese p a t i e n t s  
showing h igh ,  normal ,  o r  low i n s u l i n  s e c r e t i o n ,  then  measured 
c o n c e n t r a t i o n s  o f  C -p e p t id e  b e fo re  and a f t e r  phys ic a l  t r a i n i n g  f o r  
t h r e e  months.  C -p e p t id e  i s  r e l e a s e d  from t h e  b e ta  c e l l s  in  equ im ola r  
amounts as i n s u l i n  but  i s  not  t ake n  up by t h e  l i v e r  in  man or  
a n im a ls .  I t  g i v e s  a b e t t e r  e s t i m a t e  o f  i n s u l i n  s e c r e t i o n  th a n  
measurements o f  p e r i p h e r a l  i n s u l i n  c o n c e n t r a t i o n s .  K r o t k i e w s k i ' s 
s u b j e c t s  wi th  high o r  normal i n s u l i n  s e c r e t i o n  showed a d e c r e a s e  in
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s e c r e t i o n  a f t e r  phys ic a l  t r a i n i n g ,  whereas  t h o s e  wi th  low i n s u l i n  
s e c r e t i o n  showed an i n c r e a s e  a f t e r  t r a i n i n g .  There was no change 
among any group in body com p o s i t i o n .  This  i n d i c a t e d  t h a t  d i f f e r e n t  
c o n d i t i o n s  o f  h y p e r s e c r e t i o n  de te rm ine  t h e  degree  o f  h y p e r in s u l in e m ia  
(K r o tk i e w s k i ,  1980) ,  r a t h e r  t h a n  t h e  degree  o f  o b e s i t y .
Adipose t i s s u e  appe a r s  t o  p lay  a minor  r o l e  f o r  t o t a l  body 
g lu c o s e  hom eos tas i s  ( B j o r n t o r p ,  1971) ,  however,  s i n c e  i n s u l i n  
s e n s i t i v i t y  and r e s p o n s i v e n e s s  in f a t  c e l l s  has been shown (L onnro th ,  
1983) (Kashiwagi ,  1983) t o  r e f l e c t  t h e  s e v e r i t y  o f  g lu co s e  i n t o l e r a n c e  
in  d i a b e t i c s ,  more r e s e a r c h  i s  needed t o  c o r r e l a t e  t h e  c e l l u l a r  
mechanisms o f  g lu co s e  d i s p o s a l  in f a t  c e l l s .
The domina t ing view r e g a r d in g  o b e s i t y  and i n s u l i n  i n s e n s i t i v i t y  
now seems t o  be t h a t  changes in  t h e  number o f  a c t i v e  r e c e p t o r s  a re  
i n v e r s e l y  c o r r e l a t e d  t o  ambient  i n s u l i n  l e v e l s  (Hea th ,  1983) ,  whereas  
changes in  a f f i n i t y  may occu r  r a p i d l y  and a r e  not  n e c e s s a r i l y  
c o r r e l a t e d  t o  t h e  ambient  i n s u l i n  c o n c e n t r a t i o n  bu t  t o  pe rc e n t  body 
f a t  (LeBlanc,  1979) and l e v e l  o f  p h ys ic a l  f i t n e s s  (Galbo ,  1976) .
P h y s i c a l l y  t r a i n e d ,  non-obese  i n d i v i d u a l s  have a s m a l l e r  i n c r e a s e  in
plasma i n s u l i n  c o n c e n t r a t i o n  f o l lo w in g  a g lu co s e  load  ( Y k i - Ja rv in e n  e t  
a l . ,  1983) ,  y e t  g lu co s e  t o l e r a n c e  i s  unchanged o r  improved.  Yki- 
J a r v i n  s p e c i f i c a l l y  s t u d i e d  t h e  e f f e c t s  o f  body compos i t ion  and 
maximal a e ro b ic  power on i n s u l i n  s e n s i t i v i t y  in a p p a r e n t l y  h e a l t h y  
m a le s ,  c o r r e l a t i n g  combined e f f e c t s  o f  p e rc e n t  f a t ,  l e a n  body weight  
and max V02 t o  g lu co s e  m etabo l i sm .  The s tudy  demons t ra ted  i n s u l i n -  
media ted  g lucose  d i s p o s a l  i s  h i g h e r  in  i n d i v i d u a l s  wi th  l e s s  body f a t
and h i g h e r  V02 max. This  may s u gge s t  t h e  b in d in g  o f  i n s u l i n  t o
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monocytes  i s  i n c r e a s e d  due t o  a g r e a t e r  number o f  b in d in g  s i t e s  and 
a c t i v e  r e c e p t o r s  (Heath ,  1983) in  p h y s i c a l l y  f i t  l ean  i n d i v i d u a l s  
i r r e s p e c t i v e  o f  i n s u l i n  c o n c e n t r a t i o n .
S i g n a l l i n g  a b i l i t y  by t h e  r e c e p t o r  f o r  t h e  c e l l  t o  use g lucose  
has been found t o  be reduced by up t o  40% in obese t y p e  II  d i a b e t i c s ,  
but  r e s t o r e d  w i th  weight  l o s s  ( L i v i n g s t o n ,  1988) .  I n s u l i n  b ind ing  t o  
f a t  c e l l s ,  however,  was found not  t o  d e v i a t e  from normal in  obese and 
t y p e  II  d i a b e t i c s  ( K r o tk i e w s k i ,  1985) (Lonnro th ,  1983) .  I n s u l i n  
b in d in g  was measured (K r o tk i e w s k i ,  1985) from a subcu taneous  biopsy  in 
NIDDM and obese i n d i v i d u a l s  wi th  normal g lucose  t o l e r a n c e  du r in g  a pre  
and p os t  p h ys ic a l  t r a i n i n g  program. I n s u l i n  b ind ing  t o  a d ip o c y t e s  was 
not  s i g n i f i c a n t l y  d i f f e r e n t  between t h e  groups b e fo r e  o r  a f t e r  
t r a i n i n g ,  s u g g e s t in g  muscle and l i v e r  p lay  a more dominant  r o l e  in 
g lu c o s e  d i s p o s a l .  Kro tk iewski  (1985) and Lonnoroth (1983) both 
c o r r e l a t e d  i n s u l i n  i n s e n s i t i v i t y  in o b e s i t y  t o  t h e  deg ree  o f  i n s u l i n  
s e c r e t i o n ,  r a t h e r  than  t o  t h e  amount o f  a d ipose  t i s s u e  ( f u r t h e r  
d i s c u s s i o n  o f  i n s u l i n  s e n s i t i v i t y  du r in g  e x e r c i s e  i s  found in  t h e  
s e c t i o n  on e x e r c i s e  and d i a b e t e s ) .
I t  i s  now e s t a b l i s h e d  t h a t  o b e s i t y  i s  a s s o c i a t e d  wi th  i n s u l i n  
r e s i s t a n c e .  Golay e t  a l .  ( S e g a l ,  1986) have a l s o  shown t h a t  i n s u l i n  
r e s i s t a n c e  and impa ired i n s u l i n - m e d i a t e d  g lucose  d i s p o s a l  in  o b e s i t y  
may be r e s p o n s i b l e  f o r  a d e c re a s e d  the rm ic  response  t h a t  makes weight  
l o s s  d i f f i c u l t .  Golay e t  a l .  measured t h e  t he rm ic  r e sponse  t o  a 100 
gram o ra l  g lucose  load  in  obese i n d i v i d u a l s  wi th  i n c r e a s i n g  degrees  of  
g lu co s e  i n t o l e r a n c e  and in  NIDDM p a t i e n t s  compared t o  c o n t r o l s .  They 
found t h e  the rm ic  e f f e c t  o f  g lu co s e  t o  be s uppres sed  in  obese s u b j e c t s
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compared t o  c o n t r o l s ,  and more supp re s se d  in t h e  d i a b e t i c s .  This  
sugges ted  t h e  deg ree  o f  i n s u l i n  r e s i s t a n c e  was r e l a t e d  t o  t h e  degree  
o f  r e d u c t io n  in  th e r m o g e n e s i s .  Thus,  t h e  ene rgy c o s t  o f  d i g e s t i n g ,  
a b s o r b i n g ,  and p r o c e s s in g  n u t r i e n t s  i s  impa ired  in o b e s i t y  and NIDDM 
( S e g a l ,  1986) .  When t h e  degree  o f  i n s u l i n  r e s i s t a n c e  i s  c o n s i d e r e d ,  
obese i n d i v i d u a l s  show t h e  same thermogen ic  response  t o  g lu co s e  as  
c o n t r o l s .  The sym pa the t i c  nervous system i s  an im por tan t  m e d ia to r  o f  
g lucose  t h e rm ogene s i s  as  demons t ra ted  by S w in d e l l s  (1972) .  
N orep in ephr in e  i n f u s i o n  in normal-weight  s u b j e c t s  i n c r e a s e s  energy  
e x p e n d i t u r e ,  whereas  in  obese s u b j e c t s  t h e  n o r e p i n e p h r i n e - i n d u c e d  r i s e  
i s  im pa i red .  I t  c an ,  t h e r e f o r e ,  be deba ted  i f  i n s u l i n  r e s i s t a n c e  
causes  o b e s i t y  or  i f  o b e s i t y  l e a d s  t o  i n s u l i n  r e s i s t a n c e  ( S w i n d e l l s ,  
1972) ( S e g a l ,  1986) .
O b e s i ty  a l s o  l e a d s  t o  l i p i d  a b n o r m a l i t i e s  ( H a r r i g a n ,  1988) t h a t  
f u r t h e r  c o m p l ic a t e  d i a b e t e s .  O bes i ty  d r i v e s  t h e  l i v e r  t o  produce more 
t r i g l y c e r i d e s  c a u s in g  h y p e r l i p id e m ia  and h y p e r l i p o p r o t e i n e m i a .
Ginsberg (1988) r e p o r t e d  t r i g l y c e r i d e  l e v e l s  in  t y p e  II  d i a b e t e s  in  
t h e  range o f  400 t o  500 m g /d l . Once in  t h e  plasma,  l i p o p r o t i e n s  a re  
c a t a b o l i z e d  by l i p o p r o t e i n  l i p a s e ,  t h e  s y n t h e s i s  and s e c r e t i o n  be ing  
r e g u l a t e d  by i n s u l i n .  P a t i e n t s  wi th  NIDDM commonly have d im in ished  
l i p o p r o t e i n  l i p a s e  a c t i v i t y  (McMillan,  1979 ) ,  l e a d i n g  t o  e l e v a t e d  v e ry -  
l o w - d e n s i ty  and l o w - d e n s i ty  l i p o p r o t e i n s ,  and reduced h i g h - d e n s i t y  
l i p o p r o t e i n s .  In t h e  p resence  o f  hype rg lyc em ia ,  g l y c o s y l a t i o n  o f  low- 
d e n s i t y  l i p o p r o t e i n s  may r e s u l t  in  h y p e r c h o l e s t e r o l e m i a  and 
a t h e r o s c l e r o t i c  l e s i o n s .  Thus, o b e s i t y  can i n c r e a s e  t h e  r i s k  o f
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m a c r o v a s c u la r  d i s e a s e  f o r  t y p e  I I  d i a b e t i c s  ( I s r e a l ,  1981) (G insberg ,  
1988) .
According t o  t h e  Framingham s tudy  ( J o s l i n ,  1985) ,  pe rsons  who 
were 20% o r  more over  i dea l  body weight  a l s o  deve loped  high blood 
p r e s s u r e  t e n  t im es  more f r e q u e n t l y  than  no rmal -w eigh t  p e r s o n s .  In 
a d d i t i o n ,  t h e  Evans County Study ( J o s l i n ,  1985) r e p o r t e d  t h a t  
overw eig h t  men a t  age 20 y e a r s  who had l a t e r  ga ined  more than  30 
pounds ,  had t h r e e  t im es  as  much c e r e b r o v a s c u l a r  d i s e a s e  th a n  t h o s e  
wi th  no weight  g a in .  S i g n i f i c a n t  c o r r e l a t i o n s  were not  found between 
d i a b e t e s  and co rona ry  h e a r t  d i s e a s e  in  t h e  Evans s t u d y ,  however , 
o b e s i t y  was a s s o c i a t e d  wi th  h y p e r t e n s i o n  ( H a r r i g a n ,  1988 ) ,  d i a b e t e s  
(Henry,  1986) ,  and r e s p i r a t o r y  d i s e a s e  ( J o s l i n ,  1985) .
With t h e  v a r a b i l i t y  in  c h a r a c t e r i s t i c s  between NIDDM p a t i e n t s  
and t h e  i n t e r - r e l a t i o n s h i p  between c a rb o h y d r a t e  and l i p i d  m etabo l i sm ,  
a u n i f i e d  approach  f o r  t r e a t m e n t  i s  d i f f i c u l t .  Since o b e s i t y  and 
phys ica l  i n a c t i v i t y  may lead  t o  high l e v e l s  o f  i n s u l i n  in  t h e  b lood ,  
t h e r e f o r e  d e c r e a s i n g  i n s u l i n  s e n s i t i v i t y ,  weight  r e d u c t i o n  (Adams, 
1986) and e x e r c i s e  have been recommended ( L i v i n g s t o n ,  1988) (LeBlanc,  
1979) as  t h e r a p y  in  NIDDM. P hys ica l  t r a i n i n g ,  used as  t h e r a p y  f o r  
n o n d i a b e t i c  c a r d i a c  p a t i e n t s  and t h e  a p p a r e n t l y  h e a l t h y  p o p u l a t i o n  
( D e l i o ,  1985) ,  has been c o n s id e r e d  a v a lu a b l e  approach  f o r  t h e r a p y  in 
t y p e  II  d i a b e t e s .
FUEL METABOLISM DURING EXERCISE
Almost a c e n tu r y  ago ,  i t  was dem ons t ra ted  t h a t  r e s t i n g  s k e l e t a l  
muscle  t a k e s  up g lu co s e  from t h e  c i r c u l a t i o n  (H or ton ,  1987) ,  and when
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c o n t r a c t i n g  d u r in g  e x e r c i s e ,  i n c r e a s e s  g lu c o s e  up take  a long  wi th  
i n c r e a s e d  blood f lo w ,  oxygen u p ta k e ,  and carbon  d i o x id e  p r o d u c t io n  
(B e rg e r ,  1982) (Kemmer, 1933) .
In t h e  i n i t i a l  moments o f  e x e r c i s e ,  and a l l  s h o r t - t e r m ,  high 
i n t e n s i t y  work,  t i s s u e s  a re  f u e l e d  in  t h e  a n a e r o b ic  (w i th o u t  oxygen) 
s t a t e  by c r e a t i n e  phosphate  and g lu c o s e  from t h e  metabol ism o f  
g lycogen .  A f t e r  5 t o  10 m in u tes  o f  e x e r c i s e ,  a combina t ion o f  
c i r c u l a t i n g  g l u c o s e ,  glycogen and f r e e  f a t t y  a c i d s  s e rv e  as  fue l  f o r  
muscle  a c t i v i t y  in t h e  a e r o b i c  (w i th  oxygen) c y c l e .  ( B j o r n t o r p ,  1972) 
( C h r i s t e n s e n ,  1983) .  Because muscle  l a c k s  t h e  enzyme g l u c o s e - 6 -  
p h o s p h a te ,  muscle glycogen  cannot  c o n t r i b u t e  d i r e c t l y  t o  g lu c o s e  
h o m e o s t a s i s ,  excep t  th rough  t h e  Kreb c y c l e  (Robinson ,  1982) .  Muscle 
glycogen can only be used t o  meet t h e  needs o f  t h e  muscle in  which i t  
i s  s t o r e d .  L ive r  g lycogen can be m ob i l iz e d  in  r e sponse  t o  e x e r c i s e ,  
w i th  h e p a t i c  g l y c o g e n o l y s i s  acco u n t in g  f o r  70% t o  75% o f  t h e  g lucose  
o u tp u t  du r in g  t h e  f i r s t  40 minu tes  o f  e x e r c i s e  ( F r a n z ,  1987) .
Dring t h e  f i r s t  10 t o  40 minu tes  o f  e x e r c i s e ,  g lucose  up take  
i n c r e a s e s  between 7 and 20 t im es  t h e  b a s a l  l e v e l  w i th  a gradual  
i n c r e a s e  noted  u n t i l  a p p ro x im a te ly  90 t o  180 m in u tes  ( F ra n z ,  1987) .  
Since  h e p a t i c  glycogen s t o r e s  a r e  l i m i t e d ,  g lu c o n e o g e n e s i s  becomes 
im p o r ta n t  du r in g  p ro longed  e x e r c i s e .  Prolonged  e x e r c i s e  i n  e x c e s s  o f  
two hours r e s u l t s  in  f r e e  f a t t y  a c i d s  a c c o u n t in g  f o r  n e a r l y  60% o f  
t o t a l  muscle oxygen consumption (Zinman,  1985) ,  wi th  t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  f r e e  f a t t y  a c id s  dependen t  on t h e  d u r a t i o n  and 
i n t e n s i t y  o f  e x e r c i s e ,  de g re e  o f  c a r d i o r e s p i r a t o r y  f i t n e s s ,  and 
n u t r i t i o n a l  and hormonal s t a t u s  ( F r a n z ,  1987) (Zinman, 1985) .
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The o x i d a t i o n  o f  f a t - d e r i v e d  f u e l s  in  g luco n e o g e n e s i s  cannot  
co m p le te ly  r e p l a c e  t h e  u t i l i z a t i o n  o f  g lucose  even du r in g  prolonged 
endurance  e x e r c i s e  (Hermansen, 1970) .  The a v a i l a b i l i t y  o f  c i r c u l a t i n g  
g lu co s e  becomes a l i m i t i n g  f a c t o r  in  pro longed endurance  e x e r c i s e .  
Performance d e t e r i o r a t e s  when g l y c o g e n o l y s i s  and g lu cone oge ne s i s  
becomes i n ad e q u a te  t o  p re v e n t  hypoglycemia (Bergs t rom ,  1971) .
T r a in i n g  i n c r e a s e s  t h e  r a t e  a t  which t h i s  occurs  ( F e l l ,  1982) .  The 
amount of  s to r e d  c a rb o h y d r a te  i s  dependent  on t h e  deg ree  o f  glycemic 
c o n t r o l  ( F e l i g ,  1981) ,  w i th  t h e  u t i l i z a t i o n  o f  g lu co s e  d u r in g  e x e r c i s e  
su g ge s te d  ( F e l l ,  1982) t o  be dependen t  on t h e  amount o f  s t o r e d  
c a r b o h y d r a t e  and i n d iv i d u a l  l ev e l  o f  f i t n e s s .
Fe l l  (1982) examined t h e  e f f e c t  o f  t h e  a b i l i t y  o f  muscles  t o  
s y n t h e s i z e  glycogen a f t e r  e x e r c i s e ,  in  r e l a t i o n  t o  t h e  amount of  
s t o r e d  glycogen  in  t h e  muscle p rec e d in g  e x e r c i s e .  H in d q u a r t e r s  from 
r a t s  wi th  high or  low g lycogen c o n te n t  p reced in g  a 3 hour  swim (one 
group o f  r a t s  were fed  l a r d  a f t e r  e x e r c i s i n g  t o  e x h a u s t i o n  t o  keep t h e  
muscle glycogen c o n te n t  low, whi le  t h e  o t h e r  group r e c e iv e d  a 
c a rb o h y d r a t e  d i e t )  were p e r f u s e d  wi th  a medium c o n t a i n i n g  g lucose  and 
i n s u l i n .  The r a t e  o f  g lu c o s e  up take  by pe r fu s e d  s k e l e t a l  muscle was 
s i g n i f i c a n t l y  h i g h e r  (60% t o  80%) a t  t h e  same i n s u l i n  c o n c e n t r a t i o n  in 
an im a ls  wi th  low muscle  glycogen c o n t e n t .  Thus,  t h e  a b i l i t y  t o  
s y n t h e s i z e  g lycogen ,  r a t h e r  t h a n  t h e  a v a i l a b i l i t y  o f  i n t r a c e l l u l a r  
s u b s t r a t e ,  was r a t e  l i m i t i n g  f o r  glycogen accum ula t ion  in  t h e  muscles  
o f  r a t s  w i th  high glycogen c o n t e n t  p reced ing  e x e r c i s e  ( F e l l ,  1982) .
T r a n s p o r t  a c ro s s  t h e  c e l l  membrane i s  u s u a l l y  t h e  r a t e - l i m i t i n g  
f a c t o r  in  g lucose  metabo l ism in r e s t i n g  muscle (Marb le ,  1985) .
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However, when t h e  r a t e  o f  g lucose  t r a n s p o r t  i s  h ig h ,  as  a consequence 
o f  high i n s u l i n ,  g lu co s e  c o n c e n t r a t i o n  o r  muscle c o n t r a c t i o n ,  t h e  s i t e  
o f  r e g u l a t i o n  may s h i f t  from t r a n s p o r t  t o  g lucose  p h o s p h o ry l a t i o n  
( B e rg e r ,  1979) .  Fel l  (1982) sugges ted  t h e  r a t e  o f  glycogen s y n t h e s i s  
was l i m i t e d  by g lu co s e  a v a i l a b i l i t y  and glycogen c o n te n t  from a 
reduced c a p a c i t y  o f  g l u c o s e - 6 - p h o s p h a te  (G6P). G6P, needed f o r  
g lucose  p h o s p h o r y l a t i o n ,  i s  reduced when muscle glycogen c o n te n t  i s  
high (Robinson ,  1982) .  T h e r e f o r e ,  g lu co s e  p h o s p h o ry l a t i o n  might  be a 
r a t e  l i m i t i n g  f a c t o r  f o r  g lucose  up take  in  musc les  wi th  high glycogen 
c o n te n t  exposed t o  high g lucose  and i n s u l i n  c o n c e n t r a t i o n s  ( F e l l ,
1982) .
HORMONAL REGULATION DURING EXERCISE
The mechanism by which e x e r c i s e  r e s u l t s  in  i n c r e a s e d  g lucose  
up take  by th e  muscle  i s  on ly  p a r t i a l l y  u n d e rs to o d .  Proposed 
mechanisms i n c l u d e  a "muscle  a c t i v i t y  f a c t o r " ,  n o n s u p p r e s s i b l e ,  
i n s u l i n - l i k e  a c t i v i t y ,  b r a d y k i n i n s ,  hypox ia ,  and i n s u l i n  ( V r a n ic ,
1983) (B e rg e r ,  1975) (Kemmer, 1983) .  Among t h e s e ,  Berger  e t  a l .
(1975) and Vranic  e t  a l .  (1983) dem ons t ra ted  i n s u l i n  t o  p lay  t h e  
c e n t r a l  r o l e  in  t h e  s t i m u l a t i o n  o f  g lu co s e  up take  du r in g  e x e r c i s e .  
Glucose up take  was found t o  be s e v e r e l y  impaired  du r ing  e x e r c i s e  in 
i n s u l i n - d e p r i v e d  a n im a l ,  but  r e s t o r e d  when exogenous i n s u l i n  was 
a d m i n i s t e r e d  ( B e rg e r ,  1975) .  I n c r e a se d  i n s u l i n  uptake du r in g  e x e r c i s e  
has a l s o  been dem ons t ra ted  ( K a la n t ,  1978) in  t h e  human fo rea rm .  
However, i t  i s  sugges ted  ( V r a n ic ,  1976) t h a t  i n c r e a s e d  g lucose  uptake
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d u r in g  e x e r c i s e  i s  seconda ry  t o  t h e  i n c r e a s e d  a v a i l a b i l i t y  o f  i n s u l i n  
and g lucose  t o  muscle c e l l s  as  a r e s u l t  o f  i n c r e a s e d  blood f low.
Under r e s t i n g  c o n d i t i o n s ,  t h e  ba lance  between i n s u l i n  and 
glucagon a re  matched so t h a t  u t i l i z a t i o n  e q u a l s  g lucose  p r o d u c t io n  
(Kemmer, 1983) .  At t h e  o n se t  o f  e x e r c i s e ,  i n s u l i n  s e c r e t i o n  d e c r e a s e s  
a lmos t  immedia te ly  ( H a r t l e y ,  1972) (Hermansen,  1970) .  This  mechanism 
r e s u l t s  in hypo in su l inem ia  and hyperg lucagonemia ,  a re sponse  v/hich 
t r i g g e r s  h e p a t i c  g lu c o s e  p r o d u c t i o n  ( B e rg e r ,  1975) .  B jo r n to r p  e t  a l . 
(1971) conc ludes  t h a t  t h e  c o n c e n t r a t i o n  o f  i n s u l i n  l e a v i n g  t h e  l i v e r  
d e te rm in e s  t h e  amount o f  g lucose  up take  by t h e  p e r i p h e r a l  t i s s u e s ,  
main ly  muscle and ad ip o s e  t i s s u e .  The d e c re a s e d  amount o f  i n s u l i n  
s e c r e t e d  from t h e  panc reas  du r ing  e x e r c i s e  i s  e f f e c t i v e l y  c a p tu r e d  by 
t h e  l i v e r ,  l e a v i n g  l i t t l e  i n s u l i n  in  t h e  p e r i p h e r y .  The l i v e r  i s  
s t i m u l a t e d  t o  c a p t u r e  a l a r g e r  f r a c t i o n  o f  i n s u l i n  when t h e  
c o n c e n t r a t i o n  o f  p o r t a l  i n s u l i n  i s  low. T h i s ,  in  t u r n ,  s t i m u l a t e s  an 
i n c r e a s e d  s e n s i t i v i t y  o f  t h e  muscle  and ad ip o s e  t i s s u e  t o  u t i l i z e  
g lu c o s e  e f f e c t i v e l y  ( B j o r n t o r p ,  1971) (Wahren, 1979) .  Thus, t h e  
p r e s e n c e  o f  i n s u l i n  i s  e s s e n t i a l  f o r  t h e  s t i m u l a t i o n  o f  g lucose  up take  
by t h e  e x e r c i s i n g  m usc le ,  bu t  i t  remains u n c l e a r  t o  which exac t  
mechanism i n s u l i n  e x e r t s  i t s  e f f e c t s  on t h e  working muscle  (B e rg e r ,
1975) (Kemmer, 1983) ( V r a n ic ,  1983) .
Bonen (1981) r e p o r t e d  g lucose  u t i l i z a t i o n  t o  be enhanced when 
c i r c u l a t i n g  i n s u l i n  l e v e l s  a r e  d e c r e a s i n g ,  i n c r e a s i n g ,  o r  remain ing 
c o n s t a n t ,  wi th  maximal i n s u l i n - f a c i l i t a t e d  g lu c o s e  t r a n s p o r t  in 
s k e l e t a l  muscle d u r in g  e x e r c i s e  o c c u r r in g  when 20 p e rc e n t  of  t h e  
i n s u l i n  r e c e p t o r s  a re  o c c up ie d .  Wright (1969) p r e v i o u s l y  r e p o r t e d  t h e
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l e v e l  o f  c i r c u l a t i n g  i n s u l i n  i s  e i t h e r  unchanged,  or  d e c re a s e d  du r ing  
o r  a f t e r  m uscu la r  e x e r c i s e  in  h e a l t h y  p a t i e n t s ,  and de m ons t ra ted  t h a t  
i n s u l i n  i s  not  n e c e s s a ry  f o r  t h e  performance  o f  work. Wright  observed  
th e  e f f e c t s  o f  i n s u l i n  s e c r e t i o n  in  f u l l y  fed  a l b i n o  r a t s  45 m in u tes  
a f t e r  i n t r a v e n o u s  i n j e c t i o n  o f  g u i n e a - p i g  a n t i - i n s u l i n  serum (GPAIS). 
For t h e  nex t  30 minu tes  r a t s  were e i t h e r ;  1) he ld  as  c o n t r o l s  in  t h e i r  
c a g e s ;  2) i n j e c t e d  wi th  e p i n e p h r i n e ;  3) given  2 e l e c t r i c a l  shocks per  
m in u te ;  o r ,  4) p laced  in  w a te r  and f o r c e d  t o  swim. A d m i n i s t r a t i o n  of  
GPAIS r e s u l t e d  in  hype rg lycemia  and high i n s u l i n  s e c r e t i o n  w i t h in  45 
minu tes  f o r  a l l  g ro u p s ,  w i th  f u r t h e r  i n c r e a s e s  noted  in  c o n t r o l  r a t s  
d u r in g  t h e  next  30 m in u te s .  I n s u l i n  s e c r e t i o n  d e c re a s e d  in  r a t s  
i n j e c t e d  w i th  e p i n e p h r i n e ,  s u b m i t te d  t o  sh o c k s ,  o r  compel led t o  swim 
d e s p i t e  more marked hyperg lycem ia .  A d d i t i o n a l l y ,  none o f  t h e  r a t s  
showed ev idence  o f  e x h a u s t i o n  o r  d i s t r e s s  (W r igh t ,  1969) .  This  
s u g g e s t s  e p in e p h r in e  and o t h e r  a l p h a - a d r e n e r g i c  a g e n t s ,  a b o l i s h e s  t h e  
s t i m u l a n t  e f f e c t  o f  g lucose  on i n s u l i n  s e c r e t i o n ,  and endogenous 
c a te c h o la m in e s  may be s e c r e t e d  d u r in g  e x e r c i s e  and s t r e s s  t o  cause  a 
r e d u c t i o n  o f  i n s u l i n  s e c r e t i o n .  By i n h i b i t i n g  i n s u l i n  s e c r e t i o n  
d u r in g  s t r e s s  and e x e r c i s e ,  c a te c h o la m in e s  a r e  s u s p e c t e d  (W r igh t ,
1969) t o  b e t t e r  m o b i l i z e  g lu c o s e  from t h e  l i v e r  and f a t t y  a c i d s  from 
a d ip o s e  t i s s u e ,  t h u s ,  m a i n t a i n i n g  an adequa te  supp ly  o f  n u t r i e n t s  f o r  
p e r i p h e r a l  and b r a i n  m etabo l i sm.  S ince  t h e  r a t s  showed no ev ide nc e  o f  
e x h a u s t i o n ,  reduced  i n s u l i n  was no t  c o n s id e r e d  t o  be d e t r i m e n t a l  f o r  
t h e  pe rformance  o f  work. This  r e s e a r c h  i s  suppo r ted  by Bonen (1981) .
Bonen (1981) contended  t h a t  t h e  very low l e v e l s  o f  i n s u l i n  
p r e s e n t  d u r in g  e x e r c i s e  a r e  s u f f i c i e n t  t o  pe rm i t  g lu c o s e  u t i l i z a t i o n
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by e x e r c i s i n g  m u sc le s .  I n c r e a se d  g lucose  d e l i v e r y  (from i n c r e a s e d  
glucagon  s e c r e t i o n ) ,  enhanced r e c e p t o r  a f f i n i t y ,  i n c r e a s e d  c a p i l l a r y  
s u r f a c e ,  and th e  c o n c e n t r a t i o n  o f  i n s u l i n  in  t h e  e x e r c i s e d  muscle a l l
i n t e r a c t  t o  a c c e l e r a t e  g lu co s e  up take  in  t h e  p re s e n c e  o f  i n s u l i n .  I t
i s  proposed (Bonen, 1981) t h a t  d i f f e r e n c e s  in p r e - e x e r c i s e  i n s u l i n  and
g lu co s e  c o n c e n t r a t i o n  can have s i g n i f i c a n t l y  d i f f e r e n t  e f f e c t s  on
g lu co s e  u t i l i z a t i o n  d u r in g  e x e r c i s e .  Approximately  t h r e e  t im es  
g r e a t e r  q u a n t i t i e s  o f  i n s u l i n  a r e  a v a i l a b l e  a t  t h e  o n se t  o f  e x e r c i s e  
i f  g lucose  i s  i n g e s t e d  15 m in u tes  p r i o r  ( B j o r n t o r p ,  1971) ,  bu t  a r a p i d  
d e c r e a s e  o ccu rs  d u r in g  t h e  e x e r c i s e  p e r i o d .  Thus,  t h e  deg ree  o f  
glycemic c o n t r o l  can r e g u l a t e  t h e  hormonal r e s p o n s e s  r e s p o n s i b l e  f o r  
g lu co s e  metabo l i sm d u r in g  e x e r c i s e .
During e x e r c i s e ,  i n s u l i n  i s  c o n c e n t r a t e d  in  muscle and 
presumably bound t o  c e l l  r e c e p t o r s  (Bergs t rom , 1971) .  Since  maximum 
g lu c o s e  metabol ism occu rs  w i th  only 10 t o  20 p e r c e n t  (Bonen, 1981) o f  
t h e  r e c e p t o r s  o c c u p ie d ,  i n c r e a s e d  i n s u l i n  a v a i l a b i l i t y  does not  a lways 
imply a p r o p o r t i o n a l  i n c r e a s e  in  g lu co s e  m etabo l i sm .  In a d i p o c y t e s ,  
g lu co s e  up take  i s  p ro longed  when t h e  c e l l s  a r e  p r e i n c u b a t e d  wi th  high 
i n s u l i n  r a t h e r  than  low i n s u l i n  c o n c e n t r a t i o n  (Garrow,  1978) .  I f  t h i s  
mechanism e x i s t s  in  m usc le ,  i n s u l i n  b in d in g  beyond 20 p e r c e n t  
occupancy would a ppear  t o  be b e n e f i c i a l  t o  s u s t a i n  g lu c o s e  u t i l i z a t i o n  
d u r in g  e x e r c i s e  (Bonen, 1981) (Ga lbo ,  1986) .  E x e r c i s e  i n t e n s i t y  and 
ph y s ic a l  c o n d i t i o n i n g ,  however,  can a l t e r  t h e  hormonal r e s p o n s e  o f  
i n s u l i n  s e c r e t i o n  ( P r u e t t ,  1970) (Hermansen,  1970) .
Hormones invo lv ed  in  m o b i l i z a t i o n  o f  g lu co s e  from l i v e r  and f r e e  
f a t t y  a c i d s  from a d ip o s e  t i s s u e  a r e  i n c r e a s e d  d u r in g  e x e r c i s e .  These
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a r e  ca te c h o la m in e s  (Galbo,  1986) ( H a r t l e y ,  1972 ) ,  growth hormone 
( H a r t l e y ,  1972) (R enn ie ,  1974) ,  and g lucagon ( F e l i g ,  1981) (Galbo,
1975) .  S t u d ie s  have shown t h a t  endurance  e x e r c i s e  t r a i n i n g  a c t s  t o  
b l u n t  the  r e s p o n s e  o f  i n s u l i n  and c a te c h o la m in e s  such t h a t  t h e  
d e c r e a s e  in  c o n c e n t r a t i o n  o f  plasma i n s u l i n  and i n c r e a s e  in 
c o n c e n t r a t i o n  o f  c a te c h o la m in e s  a r e  s m a l l e r  in t h e  t r a i n e d  than  
u n t r a i n e d  s t a t e  ( H a r t l e y ,  1972) (Renn ie ,  1976) .  G ynte lbe rg  (1976) 
r e p o r t e d  t h e  a c u t e  i n c r e a s e  in  plasma glucagon in  response  t o  e x e r c i s e  
in  reduced in  t h e  t r a i n e d  s t a t e .  G luc a gon 's  r e sponse  t o  e x e r c i s e  i s  
though t  t o  be m edia ted  by i n c r e a s e d  r e l e a s e  of  n o r e p i n e p h r i n e  and 
e p in e p h r in e  t h a t  s t i m u l a t e  t h e  a lpha  c e l l s  o f  t h e  pancreas  t o  s e c r e t e  
glucagon  (Unger ,  1976) .  S m a l le r  i n c r e a s e s  in  plasma glucagon  in 
r e sponse  t o  e x e r c i s e  in t h e  t r a i n e d  s t a t e  may be caused by a s m a l l e r  
c a te c h o la m in e  s t i m u l u s .
Catecholamines  i n h i b i t  g l u c o s e - in d u c e d  i n s u l i n  r e l e a s e  by t h e  
b e ta  c e l l s  (Galbo,  1976) .  This  may account  f o r  t h e  s m a l l e r  r e d u c t i o n  
in  plasma i n s u l i n  c o n c e n t r a t i o n  d u r in g  e x e r c i s e  in  t h e  t r a i n e d ,  as  
compared t o  t h e  u n t r a i n e d  s t a t e .  A d d i t i o n a l l y ,  changes in  plasma 
g lu co s e  and f r e e  f a t t y  a c id  c o n c e n t r a t i o n  can i n f l u e n c e  glucagon 
s e c r e t i o n .  A s t a n d a r d i z e d  bout  of  e x e r c i s e  r e s u l t s  in a s m a l l e r  
i n c r e a s e  in plasma glucagon in  r a t s  wi th  e l e v a t e d  plasma f r e e  f a t t y  
a c i d s  than  in  c o n t r o l s  (Renn ie ,  1974) .  E le va te d  g lu co s e  c o n c e n t r a t i o n  
s t i m u l a t e s  i n s u l i n  s e c r e t i o n  and i n h i b i t s  glucagon r e l e a s e ,  whereas  a 
r e d u c t i o n  in  g lucose  c o n c e n t r a t i o n  has t h e  r e v e r s e  e f f e c t  (Unger ,
1976) .  Whereas i n s u l i n  i n h i b i t s  h e p a t i c  g lucose  r e l e a s e ,  glucagon has 
a g l y c o g e n o l y t i c  e f f e c t  on t h e  l i v e r .  D e p le t i o n  of  h e p a t i c  glycogen
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s t o r e s  d u r in g  submaximum e x e r c i s e  oc c u rs  more s low ly  in  t r a i n e d  than 
u n t r a i n e d  r a t s  (Koes lag ,  1982) ,  a l though  t h i s  i s  no t  well  e s t a b l i s h e d  
in  humans. Gynte lbe rg  (1976) found t h e  i n c r e a s e  in  plasma glucagon 
and d e c r e a s e  in  i n s u l i n  c o n c e n t r a t i o n  in r e s p o n s e  t o  submaximal 
e x e r c i s e  i s  s m a l l e r  in humans a f t e r  endurance t r a i n i n g  f o r  10 weeks.
A reduced  hormone response  p roposes  t h a t  l i v e r  glycogen  d e p l e t i o n  
d u r in g  submaximal e x e r c i s e  oc c u rs  l e s s  r a p i d l y  in  t r a i n e d  humans.
O the r s  (Harvey,  1974) (Luyckx,  1974) have proposed t h a t  
d e c r e a s e s  in  g lucose  c o n c e n t r a t i o n  do not  account  f o r  t h e  e x e r c i s e -  
induced glucagon s e c r e t i o n ,  i n s t e a d  s t i m u l a t i o n  by ca te c h o la m in e s  o f  
t h e  p a n c r e a t i c  a l p h a - c e l l  a r e  im por ta n t  f o r  t h e  glucagon r e s p o n s e .  
Galbo (1976) found t h i s  no t  t o  be t h e  c a s e .  Galbo ran normoglycemic 
men a t  60% V02 max t o  e x h a u s t i o n  du r in g  b e t a - a d r e n e r g i c  b lockade  o r  
w i th o u t  d rugs  ( c o n t r o l s ) .  Blood samples  were drawn e ve ry  30 minutes  
f o r  t h e  a n a l y s i s  o f  l a c t a t e ,  h e m a t o c r i t ,  g l u c o s e ,  i n s u l i n ,  g lucagon ,  
g l y c e r o l ,  and n o n e s t e r i f i e d  f a t t y  a c i d s .  A f t e r  p r o p ra n o lo l  
a d m i n i s t r a t i o n  ( b e t a - a d r e n e r g i c  b l o c k a d e ) ,  t h e  i n c r e a s e s  du r in g  
e x e r c i s e  in  plasma g lucagon and e p in e p h r in e  and d e c r e a s e  in  plasma 
g l u c o s e  c o n c e n t r a t i o n s  were f a s t e r  than  in  c o n t r o l s .  I n i t i a l  phys ica l  
c o n d i t i o n i n g  o f  s u b j e c t s  was not  r e p o r t e d .  Glucagon and e p in e p h r in e  
r e s p o n s e s  t o  e x e r c i s e  were reduced  when euglycemia  was m ain ta ined  by 
g lu c o s e  i n f u s i o n  d u r in g  B - a d re n e r g i c  b lockade .  Thus,  t h e  r e d u c t io n  o f  
e x e r c i s e - i n d u c e d  d e c l i n e  in  g lu co s e  c o n c e n t r a t i o n  c o r r e l a t e d  wi th  t h e  
r e d u c t i o n  o f  glucagon and e p i n e p h r i n e  r e s p o n s e s  (Ga lbo ,  1976) .  
T h e r e f o r e ,  de c re a s e d  g lu c o s e  c o n c e n t r a t i o n  may s i g n i f i c a n t l y  enhance 
t h e  s e c r e t i o n  o f  glucagon and e p in e p h r in e  du r in g  e x e r c i s e
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(Unger,  1976) ,  and t h e  s t i m u l a t i o n  o f  a d r e n e r g i c  r e c e p t o r s  i s  not  a 
major  f a c t o r  f o r  t h e  e x e r c i s e - i n d u c e d  glucagon s e c r e t i o n  as  proposed 
by Harvey and Luyckx. (Galbo,  1976) .  A l t e r a t i o n s  in  l e v e l s  o f  
n o n e s t e r f i e d  f a t t y  a c id s  and g l y c e r o l  d id  not  e f f e c t  l i p o l y s i s  du r in g  
g lu c o s e - in d u c e d  glucagon r e d u c t io n  in  Gal b o ' s  r e s e a r c h .
Hormonal r e s p o n s e s  du r ing  e x e r c i s e ,  a l t e r e d  by i n t e n s i t y  
(Winder,  1985) and d u r a t i o n ,  may a f f e c t  u t i l i z a t i o n  o f  blood g lu co s e .  
Hermansen (1970) i n v e s t i g a t e d  t h e  r e sponse  of  blood g lucose  and plasma 
i n s u l i n  d u r in g  moderate  i n t e n s i t y  (50 p e r c e n t  maximum oxygen up take)  
t o  heavy i n t e n s i t y  (90% V02 max) e x e r c i s e  t o  examine changes in  blood 
g lucose  wi th  v a r i e d  work. Prolonged e x e r c i s e  o f  modera te -heavy 
i n t e n s i t y  (50% -  70% V02 max) produces  s i g n i f i c a n t  d e c re a s e  in  blood 
g lucose  and plasma i n s u l i n  c o n c e n t r a t i o n  ( P r u e t t ,  1970) ,  whereas  
s e v e r e  e x e r c i s e  (85% -  90% V02 max) p roduces  a r i s e  in  c i r c u l a t i n g  
g lucose  (Hermansen,  1970) .  Hermansen measured blood g lucose  and 
i n s u l i n  c o n c e n t r a t i o n s  b e f o r e ,  d u r i n g ,  and a f t e r  i n t e r m i t t e n t  maximal 
e x e r c i s e  o f  s h o r t  d u r a t i o n ,  and b e f o r e  and a f t e r  g lu co s e  i n f u s i o n  in  
f i v e  normal s u b j e c t s .  I n t e r m i t t e n t  maximal e x e r c i s e  o f  s h o r t  d u r a t i o n  
i n c r e a s e d  blood g lucose  from 82 .6  mg/dl t o  170.7 mg/dl o f  blood 
(108.9% i n c r e a s e ) .  An i n c r e a s e  o f  88 .1  mg/dl r e p r e s e n t s  a t o t a l  
i n c r e a s e  o f  13 .2  grams in t h e  e x t r a c e l l u l a r  compar tments ,  amounting t o  
500 mg o f  g lu co s e  be ing r e l e a s e d  p e r  minu te  in  a 28 minute  e x e r c i s e  
bout  (assuming t h a t  g lu co s e  was not  t a k e n  up by t h e  m usc le ,  l i v e r ,  o r  
o t h e r  t i s s u e s  o f  t h e  body) (Hermansen, 1970) .
I t  i s  s u gge s te d  (G y n te lb e rg ,  1976) t h a t  t h e  i n c r e a s e  in  blood 
g lucose  c o n c e n t r a t i o n  may be a r e s u l t  o f  a c t i v a t i o n  o f  t h e  g l u c o s e -
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r e l e a s e  mechanisms under  c o n t r o l  o f  c i r c u l a t i n g  c a t e c h o la m in e s .  
Hermansen found plasma immunoreact ive i n s u l i n  ( IR I)  i n c r e a s e d  from an 
a ve rage  o f  13 t o  43 uU/ml d u r in g  e x e r c i s e .  Peak i n s u l i n  va lu e s  were 
reached  10 minutes  l a t e r  th a n  peak g lu co s e  v a l u e s .  Blood g lu co s e  
c o n c e n t r a t i o n  i n c r e a s e d  on t h e  average  from 7 9 .2  t o  172.3 mg/dl a f t e r  
g lucose  i n f u s i o n ,  however,  t h e r e  was no t im e  lag  between peak g lu co s e  
and i n s u l i n  v a lu e s .  Hermansen found no s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  i n s u l i n  response  t o  i n c r e a s e d  blood g lu co s e  c o n c e n t r a t i o n  caused 
by e x e r c i s e  o r  g lucose  i n f u s i o n .  The r a t e s  o f  d i s a p p e a ra n c e  of  
endogenously  produced g lu co s e  were c a l c u l a t e d  from t h e  t ime o f  maximal 
g lucose  i n f u s i o n  and compared t o  t h e  d i s a p p e a r a n c e  r a t e  o f  exogenous 
g lu c o s e .  The c a l c u l a t i o n s  r e v e a l e d  no s y s t e m a t i c  d i f f e r e n c e .
With t h i s  d i s c u s s i o n ,  i t  becomes a p p a re n t  t h e  m e ta b o l i c  and 
hormonal r e sponses  t o  e x e r c i s e  vary wi th  t h e  de g re e  o f  m e ta b o l i c  
c o n t r o l  and i n d iv i d u a l  p h ys ic a l  c o n d i t i o n  a t  t h e  o n s e t  o f  e x e r c i s e ,  
w i th  t h e  e x e r c i s e  i n t e n s i t y ,  d u r a t i o n  and more s p e c i f i c a l l y ,  w i th  t h e  
a v a i l a b i l i t y  o f  i n s u l i n .
EXERCISE IN NIDDM
Ex e r c i s e  was used as  t r e a t m e n t  f o r  d i a b e t e s  in  a n c i e n t  t im es  (as  
e a r l y  as  600 B.C.) (Cunningham, 1985) .  In 1919,  A l len  was t h e  f i r s t  
t o  dem ons t ra te  t h a t  e x e r c i s e  lowers  blood g lu co s e  and improves g lucose  
t o l e r a n c e  in  d i a b e t i c s .  The f a l l  in blood g lu co s e  and i n c r e a s e  in  
g lu co s e  t o l e r a n c e  was a t t r i b u t e d  t o  t h e  i n c r e a s e d  u t i l i z a t i o n  o f  
g lucose  by s t i m u l a t e d  muscles  du r in g  c o n t r a c t i o n  ( K o v i s to ,  1979) .
Today,  e x e r c i s e  i s  advocated  as  a means f o r  improving m e ta b o l i c
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c o n t r o l  and i s  an e s s e n t i a l  p a r t  o f  d a i l y  l i v i n g  w i th  NIDDM. Growing 
e v id e n c e  (Beeken, 1980) ( D e v l i n ,  1985) (Hor to n ,  1987) ( K o v i s to ,  1984) 
i n d i c a t e s  t h a t  c a r e f u l l y  conduc ted  phys ica l  f i t n e s s  programs can be 
i m p o r ta n t  in  reduc ing  t h e  p a th o g e n e s i s  o f  d i s e a s e ,  a l t h o u g h  mechanisms 
o f  t h e  p h y s i o l o g i c a l  re sponse  and s p e c i f i c a t i o n s  o f  e x e r c i s e  f o r  type  
I I  d i a b e t i c s  remain u n c l e a r  (Coram, 1986) .
The b e n e f i c i a l  r o l e  o f  i n c r e a s e d  p h ys ic a l  a c t i v i t y  in  NIDDM has 
main ly  been d e r iv e d  from s t u d i e s  d e a l i n g  w i th  t h e  e f f e c t  o f  t r a i n i n g  
on c a r d i o v a s c u l a r  r i s k  f a c t o r s ,  such as  plasma t r i g l y c e r i d e s  and 
c h o l e s t e r o l  (G u s ta f s o n n ,  1971) .  U n f o r t u n a t e l y ,  l i m i t e d  d a ta  a r e  
a v a i l a b l e  as  t o  t h e  e f f e c t s  o f  p h ys ic a l  t r a i n i n g  on g lu c o s e  t o l e r a n c e  
in  d i a b e t e s  (Bergman, 1985) (Kemmer, 1985) .
As p r e v i o u s l y  d i s c u s s e d ,  t h e  main tenance  o f  g lu c o s e  hom eos tas i s  
du r in g  e x e r c i s e  in normal i n d i v i d u a l s  i n v o lv e s  s p e c i f i c  hormonal ,  
n e u r a l ,  and c a r d i o v a s c u l a r  r e s p o n s e s  (Zinman,  1979) ,  w i th  p h y s i c a l l y  
t r a i n e d  i n d i v i d u a l s  showing b e t t e r  m e ta b o l i c  c o n t r o l  (Soman, 1979) 
(K o v i s t o ,  1984) (Ruderman, 1986) ( S c h n e i d e r ,  1984) (LeBlanc ,  1979) .  
Type II  d i a b e t i c s  have s i m i l a r  r e s p o n s e s  du r in g  e x e r c i s e  and and show 
i n c r e a s e d  i n s u l i n  s e n s i t i v i t y  (LeBlanc ,  1979) ( K o i v i s t o ,  1979) ,  
improved f u e l  02 r a t e s  ( S a l t i n ,  1979) ,  i n c r e a s e d  s t o r a g e  o f  muscle 
glycogen ( J e t t e ,  1984) ,  and i n c r e a s e d  maximal oxygen consumption 
(Bogardus ,  1984) a f t e r  ph y s ic a l  t r a i n i n g .
I t  has  been obse rved  t h a t  u t i l i z a t i o n  o f  blood g l u c o s e ,  s t o r e d  
g lycogen ,  and f r e e  f a t t y  a c i d s  i s  improved w i th  r e g u l a r  e x e r c i s e  in 
t h e  d i a b e t i c  (Wahren, 1983) ( S a l t i n ,  1979) (Bergman, 1985) .  The 
e f f e c t  o f  e x e r c i s e  on g lu c o s e  u t i l i z a t i o n  has been shown t o  exceed t h e
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i n c r e a s e  in  h e p a t i c  g lucose  p r o d u c t io n  ( K o i v i s t o ,  1984) ,  t h e r e b y  
lowering  blood g lu co s e  c o n c e n t r a t i o n .  As t h e  predominant  hormone in 
fue l  a v a i l a b i l i t y  t o  t h e  t i s s u e s ,  i n s u l i n  b in d in g  i s  t h e  key t o  
m e t a b o l i c  c o n t r o l .
I n s u l i n  r e s i s t a n c e  i s  c o r r e l a t e d  wi th  i n a c t i v i t y  and 
h y p e r i n s u l i n e m i a  ( B e r g e r ,  1982) .  Both a r e  a s s o c i a t e d  w i th  NIDDM 
( J o s l i n ,  1985) .  I n s u l i n  r e s i s t a n c e  i s  f u r t h e r  c o r r e l a t e d  w i th  a 
d e c r e a s e  o f  i n s u l i n  r e c e p t o r s  on t h e  s u r f a c e  o f  muscle and a d ip o s e  
t i s s u e  (H ea th ,  1983) ( K r o tk i e w s k i ,  1986) .  R ecep to r s  a l low  s p e c i f i c  
r e c o g n i t i o n  o f  i n s u l i n  m o le c u le s  among o t h e r  c i r c u l a t i n g  hormones,  and 
t h e y  t r i g g e r  i n t r a c e l l u l a r  e v e n t s  t h a t  r e s u l t  in  an i n c r e a s e d  
t r a n s p o r t  o f  s u b s t r a t e s  o r  a l t e r a t i o n s  o f  enzyme a c t i v i t y .  The 
b in d in g  o f  i n s u l i n  and t h e  c o n c e n t r a t i o n  o f  i n s u l i n  r e c e p t o r s  in  
d i a b e t e s  a r e  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  ambient  i n s u l i n  
c o n c e n t r a t i o n  (Coram, 1986) .  F u r t h e r ,  i n c r e a s e d  r e c e p t o r  s i t e  
occupancy i s  a s s o c i a t e d  w i th  d e c re a s e d  r e c e p t o r  a f f i n i t y  (Ruderman, 
1986) ,  s u g g e s t i n g  h y p e r i n s u l i n e m i a  in  d i a b e t e s  may cause  i n s u l i n  
r e s i s t a n c e  (Coram, 1986) .
During e x e r c i s e ,  i n s u l i n  has  an enhanced muscle r e c e p t o r  b ind ing  
c a p a c i t y  ( V r a n i c ,  1983) ( B e r g e r ,  1979) .  Lipman e t  a l .  ( D i n o v i s ,  1985) 
obse rved  t h e  r e l a t i o n s h i p  between i n a c t i v i t y  and i n s u l i n  r e s i s t a n c e .  
P e r ip h e r a l  c e l l u l a r  i n s u l i n  r e s i s t a n c e  was found in  p a t i e n t s  exposed 
t o  bed r e s t  f o r  t h r e e  d a y s ,  whereas  p a t i e n t s  exposed t o  l imb e x e r c i s e s  
in  bed produced concomi tan t  blood g lu co s e  r e d u c t i o n s .  Although 
Lipman*s p a t i e n t s  were n o n d i a b e t i c s ,  t h e  r e s e a r c h  p rov id ed  s u p p o r t  f o r  
enhanced g lu c o s e  u t i l i z a t i o n  f o l l o w i n g  e x e r c i s e .
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E x e r c i s e  t r a i n i n g  has a l s o  been shown, in a n im a l s ,  t o  r e s u l t  in 
a reduced i n s u l i n  r e sponse  t o  s u s t a i n e d ,  s t e a d y  hyperg lycemia  
( F a r r e l l ,  1984) .  F a r r e l l  measured mean blood g lucose  and i n s u l i n  
response  du r in g  hyperg lycemic  g lucose  clamps in t r a i n e d ,  normal male 
r a t s  (m oto r i zed  t r e a d m i l l  t r a i n i n g ,  5 days pe r  week/ 8 weeks) and 
c o n t r o l s .  There were no s i g n i f i c a n t  d i f f e r e n c e  in  mean blood g lucose  
between t h e  g ro u p s ,  bu t  a r t e r i a l  plasma i n s u l i n  was e l e v a t e d  t o  23 .6  + 
4 .3  ng/ml in  c o n t r o l s  and 11.8 + 1.1 ng/ml in  t h e  t r a i n e d  r a t s .  
E x e rc i s e  t r a i n i n g  r e s u l t e d  in  a s i g n i f i c a n t  50% reduced  i n s u l i n  
response  t o  s u s t a i n e d  hyperg lycem ia .  F a r r e l l  sugges ted  t h a t  neura l  
in p u t  from t h e  c e n t r a l  o r  autonomic nervous  system i s  invo lved  in 
matching i n s u l i n ' s  re sponse  t o  t h e  a c t i o n  o f  s t i m u l a t i n g  g lucose  
t r a n s p o r t  s i n c e  a d a p t a t i o n s  r e q u i r e  involvement  o f  t h e  panc reas  
( s e c r e t i o n ) ,  l i v e r  ( c l e a r a n c e ) ,  and muscle ( i n s u l i n  s e n s i t i v i t y ) .  The
ex a c t  mechanism by which e x e r c i s e  r educes  i n s u l i n ' s  r e s p o n s e  t o  
hyperg lycemia  remains u n c l e a r ,  bu t  i t  i s  p robab le  t h a t  t r a i n i n g  a l t e r s  
p a n c r e a t i c  b e ta  c e l l  s e c r e t o r y  r e s p o n s e  (Ga lbo ,  1986) .  Th is  i s  
suppor ted  by t h e  f a c t  t h a t  i s o l a t e d  p a n c r e a t i c  i s l e t s  from t r a i n e d  
r a t s  show a reduced  i n s u l i n  s e c r e t i o n  compared t o  i s l e t s  from 
s e d e n t a r y  c o n t r o l s  ( F a r r e l l ,  1984) .
P h y s i c a l l y  t r a i n e d  humans were shown t o  have a s m a l l e r  i n c r e a s e  
in  plasma i n s u l i n  c o n c e n t r a t i o n  in  r e s p o n s e  t o  o ra l  g lu co s e  load  (not  
s u s t a i n e d  hyperg lycem ia)  th a n  s e d e n t a r y  c o n t r o l s  (H ea th ,  1983 ) ,  wi th  
g lucose  t o l e r a n c e  be ing unchanged o r  improved. However, i t  i s  not  
c e r t a i n  whether  t h e  e f f e c t s  o f  t h e  l a s t  e x e r c i s e  bout  o r  c h ro n ic  
t r a i n i n g  a l t e r s  t h e  response  t o  g lu c o s e  load in  t h e  t r a i n e d  s t a t e .
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Heath found a d e c re a s e  in i n s u l i n  b ind ing  t o  monocytes a f t e r  10 days 
o f  no e x e r c i s e  in  e i g h t  t r a i n e d  s u b j e c t s .  There was no s i g n i f i c a n t  
change in body weight  o r  p e rc e n t  f a t .  One bout  o f  e x e r c i s e  a f t e r  11 
days w i th o u t  a c t i v i t y  r e t u r n e d  i n s u l i n  b i n d i n g ,  w i th  t h e  i n s u l i n  and 
g lucose  response  t o  an o ra l  load  r e t u r n e d  almos t  t o  i n i t i a l  l e v e l s  
(104 mg/dl + 6 mg/dl 30 minu tes  a f t e r  i n g e s t i o n ) .  H e a t h ' s  s u b j e c t s  
were n o n d i a b e t i c ,  however , i t  i s  proposed ( S c h n e id e r ,  1984) t h e  same 
e f f e c t s  apply  in  d i a b e t e s .
Schne ide r  e t  a l . (1984) s t u d i e d  t h e  e f f e c t s  o f  6 weeks o f  3 
t im es  pe r  week phys ica l  t r a i n i n g  on glycemic c o n t r o l  in  20 s e d e n t a r y ,  
obese t y p e  II  d i a b e t i c s  and 11 c o n t r o l s .  The e x e r c i s e  c o n s i s t e d  of  
mete red  equipment  ( b i c y c l e s ,  t r e a d m i l l s ,  rowing machines)  used f o r  
e i g h t  4 minute  p e r i o d s ,  wi th  2 .5  minutes  o f  r e s t  between c y c l e s .
A f t e r  s i x  weeks o f  t r a i n i n g ,  V02 max was i n c r e a s e d  in  both g r o u p s ,  and 
g l y c o s y l a t e d  hemoglobin (HbAlc) d e c re a s e d  ( 12 .2  + .5  t o  10.7 + .4%) 
in  t h e  d i a b e t i c s .  This  sugges ted  an o v e r a l l  improvement o f  glycemic 
c o n t r o l .  (Improvements in HbAlc p rov ide  r e s e a r c h e r s  w i th  d i r e c t  
e v idence  of  t h e  e f f e c t  o f  phys ica l  t r a i n i n g  on m e ta bo l i c  c o n t r o l ) .
Oral and i n t r a v e n o u s  g lucose  t o l e r a n c e  were on ly  m i l d ly  improved 72 
hours  a f t e r  t h e  l a s t  bout  o f  e x e r c i s e  but  more improved 12 hours  a f t e r  
t h e  l a s t  e x e r c i s e  b ou t .  Although maximum oxygen consumption 
i n c r e a s e d ,  t h e  d i a b e t i c s  had a lower mean V02 maximum th a n  c o n t r o l s  
b e fo r e  and a f t e r  t h e  program. The r e s u l t s  sugges ted  t h a t  
improvements in  g lu c o s e  d i s p o s a l  from e x e r c i s e  a r e  r e l a t e d  t o  t h e  
summative e f f e c t  o f  i n d iv i d u a l  e x e r c i s e  bou ts  ( S c h n e i d e r ,  1984) .
Devl in  e t  a l .  (1986) examined t h e  e f f e c t  o f  e x e r c i s e  on basal
32
and i n s u l i n - m e d i a t e d  g lu co s e  u se ,  g lu c o s e  o x i d a t i o n ,  and nonox id a t iv e  
g lu co s e  d i s p o s a l ;  and examined basal  endogenous g lucose  p ro d u c t io n  and 
i t s  su p p re s s io n  by i n s u l i n  in f i v e  NIDDM men e x e r c i s e d  i n t e r m i t t e n t l y  
a t  85% o f  t h e  s u b j e c t ' s  V02 max. Data were compared wi th  t h o s e  from 
s t u d i e s  on normal ,  l e a n ,  and obese i n s u l i n - r e s i s t a n t  s u b j e c t s .  Devl in 
found f a s t i n g  plasma g lu co s e  c o n c e n t r a t i o n s ,  endogenous g lucose  
p ro d u c t io n  r a t e s ,  g lu c o s e  o x i d a t io n  r a t e s  du r in g  i n s u l i n  i n f u s i o n ,  and 
muscle glycogen c o n c e n t r a t i o n s  s i g n i f i c a n t l y  lower a f t e r  e x e r c i s e  
compared t o  t h e  n o n e x e rc i s e d  s t a t e .  Total  i n s u l i n - m e d i a t e d  g lucose  
u t i l i z a t i o n ,  n o n o x i d a t iv e  g lucose  d i s p o s a l  r a t e s ,  and glycogen 
sy n th a s e  l e v e l s  were i n c r e a s e d  a f t e r  e x e r c i s e .  Metabol ic  c l e a r a n c e  
r a t e  o f  g lucose  du r ing  i n s u l i n  i n f u s i o n  was lower in NIDDM and obese 
s u b j e c t s  compared wi th  l e a n ,  whereas  glycogen  syn thase  a c t i v a t i o n  was 
t h e  same in  a l l  g roups.
Since an i n c r e a s e d  r a t e  o f  endogenous g lucose  p r oduc t ion  i s  
r e s p o n s i b l e  f o r  hyperg lycemia  in  NIDDM ( J e t t e ,  1984) ,  i t s  r e d u c t i o n  
th ro u g h  e x e r c i s e  was b e n e f i c i a l .  Sp lanchn ic  s e n s i t i v i t y  t o  i n s u l i n  
was enhanced w i th  e x e r c i s e ,  assumed t o  be due t o  i n c r e a s e d  l i v e r  
g ly c o g e n e s i s  ( D e v l i n ,  1986) .  The i n c r e a s e d  r a t e s  o f  n o n o x id a t iv e  
g lu co s e  d i s p o s a l  r e f l e c t  i n c r e a s e d  g lu c o s e  s t o r a g e  o f  glycogen  ( J e t t e ,
1984) .  D e v l i n ' s  s tudy  s u p p o r t  f i n d i n g s  o f  Lipman ( D in o v i s ,  1985) t h a t  
one bout  o f  e x e r c i s e  can d e c re a s e  i n s u l i n  r e s i s t a n c e  in  NIDDM. 
A d d i t i o n a l l y ,  t h e  e f f e c t s  o f  g lucose  metabol ism occu r red  w i t h in  12 t o  
16 hours  a f t e r  e x e r c i s e  and were l o s t  w i t h i n  3 t o  5 days .
Ruderman, e t  a l .  ( 1979 ) ,  t r a i n e d  NIDDM men on e rgomete rs  5 
days/week f o r  s i x  weeks in  24 t o  30 minute  e x e r c i s e  b o u t s .  Workloads
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p r o g r e s s i v e l y  i n c r e a s e d  w i th  s u b j e c t  a b i l i t y .  There was a s i g n i f i c a n t  
improvement in maximum V02 and in  g lucose  t o l e r a n c e  t o  o ra l  g lucose  
l o a d ,  but  t h e  improvement in  g lu co s e  t o l e r a n c e  was not  m a in ta ined  when 
s u b j e c t s  were placed  on 14 days i n a c t i v i t y .  V02 max was m ain ta ined  
a f t e r  t h e  14 days .  This  s u g g e s t s  g lucose  hom eos ta s i s  may be 
m a in ta ine d  du r in g  r e g u l a r  e x e r c i s e  but  t h e  e f f e c t s  a r e  d im in ished  wi th  
i n a c t i v i t y .
Soman e t  a l . (1979) performed c r o s s - s e c t i o n a l  s t u d i e s  on 
n o n d i a b e t i c  endurance a t h l e t e s  compared w i th  s e d e n t a r y  c o n t r o l s  t o  
s tudy  t h e  e f f e c t s  o f  i n c r e a s e d  blood g lu co s e  c o n c e n t r a t i o n s  ( d u r i n g  an 
i n t r a v e n o u s  g lucose  t o l e r a n c e  t e s t )  on plasma i n s u l i n  in  r e l a t i o n s h i p  
t o  a e r o b i c  f i t n e s s .  Soman found t h a t  endurance a t h l e t e s  wi th  g r e a t e r  
c a r d i o r e s p i r a t o r y  f i t n e s s  (as  i n d i c a t e d  by a t r e a d m i l l  max V02 t e s t ) ,  
dem ons t ra ted  b e t t e r  g lucose  d i s p o s a l  and lower plasma i n s u l i n  l e v e l s  
t h a n  d id  s e d e n t a ry  c o n t r o l s .  Although Soman's s u b j e c t s  were no t  
d i a b e t i c s ,  t h e  r e s e a r c h  s i g n i f i e s  t h e  impor tance  o f  phys ica l  a c t i v i t y  
on g lu c o s e  metabo l i sm.  I t  i s  expec ted  (Bergman, 1985) ( J o s l i n ,  1985) 
(Ruderman, 1979) d i a b e t i c s  w i l l  a l s o  show b e t t e r  m e ta b o l i c  c o n t r o l  
wi th  i n c r e a s e d  p h ys ic a l  f i t n e s s .
Ruderman (1979) and a s s o c i a t e s  observed  a 30% improvement in  
i n t r a v e n o u s  g lucose  t o l e r a n c e  in  NIDDM p a t i e n t s  unde rgoing  a 14 t o  38 
week t r a i n i n g  program i n c l u d i n g  two 60 minu te  e rg om ete r  s e s s i o n s  
weekly.  Ruderman, however,  found no s i g n i f i c a n t  d i f f e r e n c e  in  oral  
g lucose  t o l e r a n c e ,  and t h e  e f f e c t  o f  i n t r a v e n o u s  t o l e r a n c e  d id  not  
p e r s i s t  (Kemmer, 1983) .
Sal t i n  (1979) obse rved  s l i g h t  improvement in  o ra l  g lucose
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t o l e r a n c e  a f t e r  s i x  months t r a i n i n g  in  men wi th  impaired  g lucose  
t o l e r a n c e .  The improvement was a t t r i b u t e d  t o  an i n c r e a s e  in  working 
c a p a c i t y  (Kemmer, 1983) w i th o u t  s i g n i f i c a n t  weight  changes .  Although 
Sal t i n  showed an improved t o l e r a n c e  t o  o ra l  g lucose  whereas  Ruderman 
observed  improved i n t r a v e n o u s  t o l e r a n c e ,  both s t u d i e s  showed a 
d e c r e a s e  in  plasma t r i g l y c e r i d e  and c h o l e s t e r o l .  This  d e m ons t ra te s  
t h e r e  a r e  b e n e f i c i a l  e f f e c t s  o f  e x e r c i s e  f o r  NIDDM p a t i e n t s  and 
i n d i v i d u a l s  w i th  impaired  g lu co s e  t o l e r a n c e ,  however , i t  remains 
u n c l e a r  as t o  whe ther  t h e  p h y s i o l o g i c a l  changes a s s o c i a t e d  wi th  
i n c r e a s e d  i n s u l i n  s e n s i t i v i t y  and g lu co s e  t o l e r a n c e  a r e  due t o  a c u t e  
e x e r c i s e  b o u t s ,  o r  t o  an o v e r a l l  improved a e ro b i c  f i t n e s s  
c h a r a c t e r i z e d  by improvements in  c a r d i o v a s c u l a r  and s k e l e t a l  muscle  
f u n c t i o n .  ( S a l t i n ,  1979) (Ruderman, 1979) (Kemmer, 1983)
B j o r n to r p  e t  a l .  (1972) f a i l e d  t o  show any change in  o ra l  
g lu co s e  t o l e r a n c e  a f t e r  a s i n g l e  e x e r c i s e  s e s s i o n  in  obese d i a b e t i c s  
and n o n d i a b e t i c s ,  bu t  improved g lu co s e  d i s p o s a l  was documented in both 
normal and d i a b e t i c  s u b j e c t s  a f t e r  t r a i n i n g  f o r  s i x  weeks. LeBlanc e t  
a l .  (1979) a l s o  found b e n e f i c i a l  e f f e c t s  o f  e x e r c i s e  on g lu c o s e  
t o l e r a n c e  and i n s u l i n  s e n s i t i v i t y  in  t y p e  I I  d i a b e t i c  s u b j e c t s ,  but  
r e l a t e d  improved g lucose  t o l e r a n c e  s p e c i f i c a l l y  t o  a c u t e  t r a i n i n g  
s e s s i o n s  r a t h e r  than  a e r o b i c  f i t n e s s .  As Devl in  (1 9 8 6 ) ,  LeBlanc found 
t h e  b e n e f i c i a l  e f f e c t s  in  g lu c o s e  t o l e r a n c e  were a lm os t  c o m p le te ly  
l o s t  w i t h in  3 days o f  t h e  l a s t  e x e r c i s e  bou t .
S u p p o r t i v e  o f  LeBlanc,  Heath (1983) found a marked d e t e r i o r a t i o n  
o f  g lucose  t o l e r a n c e  w i th in  t e n  days fo l l o w i n g  t h e  l a s t  e x e r c i s e  bout  
in  e i g h t  t r a i n e d  h e a l t h y  men. Both s t u d i e s  s u g g e s t i n g  a c u te  e x e r c i s e
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s e s s i o n s ,  r a t h e r  th a n  o v e ra l l  a e r o b i c  f i t n e s s ,  r e s p o n s i b l e  f o r  g lucose  
r e g u l a t i o n  and t o l e r a n c e .  C o n s i s t e n t  w i th  t h i s  o b s e r v a t i o n ,  Heath 
r e c e n t l y  r e p o r t e d  t h a t  t h e  d e c r e a s e  in  g lucose  t o l e r a n c e  and hype r-  
i n s u l i n e m i a  a f t e r .  10 days o f  d e t r a i n i n g  could  be r e v e r s e d  w i th  a 
s i n g l e  bout  o f  e x e r c i s e .
Conc lud ing ,  r e s e a r c h  i n d i c a t e s  t h a t  i n c r e a s e d  p h ys ic a l  a c t i v i t y  
can improve i n s u l i n  s e n s i t i v i t y  and g lucose  t o l e r a n c e  in  i n d i v i d u a l s  
wi th  impa ir ed  g lu co s e  t o l e r a n c e .  Metabo l ic  a b n o r m a l i t i e s  and 
a s s o c i a t e d  c o m p l i c a t io n s  may, however ,  impa ir  p h ys ic a l  f i t n e s s  l e v e l s  
in  d i a b e t i c  p a t i e n t s  (Coram, 1986) .  I f  t h i s  i s  t h e  c a s e ,  phys ica l  
a c t i v i t y  shou ld  be c o n s id e r e d  a r e g u l a r  t h e r a p y  r a t h e r  than  a s h o r t ­
te rm  t r e a t m e n t  f o r  type  II  d i a b e t i c s .
PHYSICAL FITNESS AND ADAPTATION TO EXERCISE IN NIDDM
A d a p ta t io n  t o  e x e r c i s e  by d i a b e t i c s  i s  dependent  on s e v e r a l  
f a c t o r s .  These i n c l u d e :  n u t r i t i o n a l  s t a t u s  ( B e r r y ,  1986);  body 
com pos i t ion  (Adams, 1986) ,  h e r e d i t y  ( B e r n t o r p ,  1984); medical  
a b n o r m a l i t i e s  (Coram, 1986);  and t h e  m e ta b o l i c  c o n d i t i o n  o f  t h e  
i n d i v i d u a l  (Cunningham, 1985) .  M e tabo l ic  c o n d i t i o n  i s  de te rm ined  by 
t h e  immediate i n s u l i n  a v a i l a b i l i t y  and p r i o r  c o n t r o l  o f  plasma 
g l u c o s e ,  k e to a c id  l e v e l s  and t h e  s t a t e  o f  h y d r a t i o n  ( K r z e n to w s k i , 
1982) .  A NIDDM p a t i e n t  in  good glycemic  c o n t r o l  r e sponds  no rmal ly  t o  
e x e r c i s e  and can i n c r e a s e  phys ic a l  f i t n e s s ,  a l t h o u g h  endurance  may be 
l e s s  ( P r u e t t ,  1970) th a n  in n o n d i a b e t i c s .  Several  t h e o r i e s  have been 
proposed f o r  t h i s  ( V r a n ic ,  1983) (Bergman,  1985) .
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In d i a b e t i c s ,  t h e  c o n v e rs io n  from r e s t i n g  t o  working metabol ism 
o ccu rs  more r a p i d l y  as  a r e s u l t  o f  h ig h e r  basa l  c i r c u l a t i n g  l e v e l s  of  
f r e e  f a t t y  a c i d s  ( J o s l i n ,  1985) and g luconeogen ic  s u b s t r a t e s .  At 
r e s t ,  a l a n i n e  f l u x  from muscle i s  two t im es  g r e a t e r  in  d i a b e t i c s  wi th  
f a i r  m e ta bo l i c  c o n t r o l  than  n o n d i a b e t i c s .  A lanine  i s  d e r iv e d  from 
carbon s k e l e t o n s  g e n e ra t e d  by g l y c o l y s i s  and by o x i d a t i o n  o f  branched 
c ha in  amino a c i d s  w i t h in  t h e  muscle  ( S t r y e r ,  1988) .  Hepa t ic  
g lu co n e o g e n e s i s  i s  enhanced by i n c r e a s e d  f l u x  o f  a l a n i n e  from musc le .
A p r e v i o u s l y  reviewed ( se e  s e c t i o n  on fue l  m e ta b o l i s m ) ,  a f t e r  15 
m in u tes  o f  modera te  e x e r c i s e ,  h e p a t i c  g l u c o n e o g e n e s i s  beg in s  t o  have a 
major  r o l e  in p ro v id i n g  g lu c o s e  f o r  muscle  a c t i v i t y .  At 30 m in u t e s ,  
f r e e  f a t t y  a c i d s  g e n e ra t e d  by a d ip o c y te  l i p o l y s i s ,  accoun t  f o r  a major  
p o r t i o n  o f  muscle fue l  r e q u i r e m e n t s ,  g r a d u a l l y  r e p l a c i n g  t h e  
u t i l i z a t i o n  o f  g l u c o s e  ( C o s t i l l ,  1977) .  During t h e s e  m e ta b o l i c  
p r o c e s s e s ,  i n c r e a s e d  l a c t i c  a c id  c o n c e n t r a t i o n s  occur  even when 
g lu co s e  u t i l i z a t i o n  and oxygen consumption a r e  not  s e v e r e l y  impa ired  
(Wahren, 1971) ( F e l i g ,  1981) .  I t  was proposed  (McMillan,  1979) ,  
however , t h a t  t h e  g r e a t e r  l a c t i c  and py ru v ic  a c id  p ro d u c t io n  in  
d i a b e t e s  was due t o  impaired  oxygen d e l i v e r y  a t  t h e  s i t e  o f  t h e  c e l l .
Sus t a in e d  e x e r c i s e  r e q u i r e s  i n c r e a s e s  in  c a r d i o v a s c u l a r  o u t p u t  
and oxygen t r a n s p o r t  (As trand  e t  a l . ,  1986) .  Oxygen t r a n s p o r t  i s  a 
f u n c t i o n  o f  oxygena t ion  w i th  hemoglobin.  McMillan (1978 and 1979) 
d e s c r i b e d  t h r e e  d i a b e t i c  a l t e r a t i o n s  t h a t  can produce l o c a l i z e d  oxygen 
d e f i c i t :  (1) d e c re a s e d  e r y t h r o c y t e  d e f o r m a b i l i t y ;  (2)  i n c r e a s e d  
hemoglobin Ale ;  and (3) t h i c k e n i n g  o f  t h e  c a p i l l a r y  basement  
membranes. The red  blood c e l l ' s  l i m i t e d  a b i l i t y  t o  deform d u r in g  f low
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i n c r e a s e s  t h e  v i s c o s i t y  o f  d i a b e t i c  b lood .  Reduced d e f o r m a b i l i t y  
i n c r e a s e s  t h e  t im e  spen t  a t  t h e  a r t e r i o l a r  end o f  t h e  c a p i l l a r y  and 
d e c r e a s e s  t h e  t ime  a t  t h e  v e n u l a r  end (Coram, 1986) .  With t h e  t e n s i o n  
g r a d i e n t  lower in t h e  v e n u la r  end ,  t h e  r e d u c t io n  o f  t ime spen t  a t  t h e  
v e n u la r  end d e c re a s e s  oxygen exchange.
Oxygen t r a n s p o r t  i s  t h o u g h t  t o  be s t i m u l a t e d  by and i n c r e a s e  in 
2 , 3 - d i p h o s p h o g l y c e r a t e  (DPG) and a d e c re a s e  in blood v i s c o s i t y .  An 
i n c r e a s e  in  2 ,3  DPG causes  a r e d u c t i o n  in  hemoglobin a f f i n i t y ,  
a l l o w in g  a g r e a t e r  f low o f  oxygen t o  t h e  muscle  t i s s u e  ( S t r y e r ,  1988) 
( D i t z e l , 1976) .  D i a b e t i c s  s u f f e r  from d e f i c i e n t  2 ,3  DPG l e v e l s  in 
c o n j u n c t i o n  wi th  e l e v a t e d  blood g lu co s e  ( J o s l i n ,  1985) ,  r e s u l t i n g  in 
reduced  e f f i c i e n c y  o f  oxygen t r a n s p o r t  t o  the  t i s s u e s .  A d d i t i o n a l l y ,  
d i a b e t i c s ,  as a d i r e c t  r e s u l t  o f  hyperg lycem ia ,  e x h i b i t  two t o  t h r e e  
t im e s  t h e  normal amount o f  hemoglobin Ala ,  Alb,  and Ale ( J o s l i n ,
1985) .  The a t t achm en t  o f  g lu c o s e  t o  hemoglobin i n c r e a s e s  i t s  a f f i n i t y  
f o r  oxygen,  reduc ing  i t s  d e l i v e r y .  The i n c r e a s e  i n  Ale i n t e r f e r e s  
wi th  t h e  r e o x y g e n a t i o n - b lo c k i n g  e f f e c t  o f  2 , 3 - d i p h o s p h o g l y c e r a t e  
(Coram, 1986) ( S t r y e r ,  1988) .  The r e s u l t a n t  oxygen t r a n s p o r t  
c a p a b i l i t y  o f  hemoglobin f u r t h e r  provokes e r y t h r o c y t e  d e fo rm ab i1i t y  
( D i t z e l ,  1976) .
L a s t l y ,  t h e  c a p i l l a r y  w a l l s  o f  d i a b e t i c s  a r e  t h i c k e n e d  
(McMillan,  1978) and oxygen t r a n s p o r t  w i t h in  t h e  membrane i t s e l f  i s  
h i n d e r e d .  Combined wi th  de c re a s e d  e r y t h r o c y t e  d e f o r m a b i l i t y ,  
i n c r e a s e d  hemoglobin Ale ,  and th i c k e n e d  c a p i l l a r y  membranes,  e x e r c i s e  
can c r e a t e  l o c a l i z e d  oxygen d e f i c i t s  f o r  t h e  d i a b e t i c .  In t u r n ,  
a n a e r o b ic  metabo l ism i s  i n c r e a s e d  and l a c t i c  a c id  l e v e l s  e l e v a t e d .
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In s p i t e  o f  impa ired oxygen d e l i v e r y ,  s t u d i e s  in  man and animal 
i n d i c a t e  t h a t  d i a b e t i c s  in  good m e t a b o l i c  c o n t r o l  can improve in  
phys ica l  f i t n e s s  (Bogardus ,  1984) (D e v l in ,  1986) (F ra n z ,  1987)
(Hor ton ,  1987) .  Whether th e y  can improve t o  t h e  same degree  as 
n o n d i a b e t i c s  i s  s t i l l  que s t i o n e d  (Coram, 1986) (Murphy 1981)
( G insbe rg ,  1988) .  Murphy s u g g e s t s  d i a b e t e s  l i m i t s  phys ica l  
perfo rmance in an im als  and does not  a l low  f o r  f i t n e s s  ga in s  comparable  
t o  t h e  n o n d i a b e t i c  (Murphy, 1981) .  Murphy s p e c i f i c a l l y  s t u d i e d  IDDM, 
n o n d i a b e t i c ,  and d i a b e t i c  p lus  i n s u l i n  r a t s  f o r  maximal oxygen 
consumption and max h e a r t  r a t e  us ing  a m u l t i s t a g e  t r e a d m i l l  t e s t  on 
t h r e e  d i f f e r e n t  o c c a s io n s  du r in g  a 6-8  week p e r i o d .  I t  was found t h a t  
d i a b e t i c  r a t s  had s i g n i f i c a n t l y  h ig h e r  submaximal and lower maximal 
V02 v a l u e s .  D ia b e t i c  r a t s  a l s o  had lower submaximal and maximal h e a r t  
r a t e s  a t  a given  work load ,  and s h o r t e r  run t im es  than  n o n d i a b e t i c  
r a t s .  Dai ly  i n j e c t i o n s  o f  i n s u l i n  r e s t o r e d  V02 max t o  t h e  l i m i t s  o f  
t h e  n o n d i a b e t i c  r a t s  bu t  d id  not  no rm a l iz e  h e a r t  r a t e s  o r  run t i m e s .  
Murphy's  r e s u l t s  i n d i c a t e  t h a t  in  u n t r e a t e d  d i a b e t e s ,  f u n c t i o n a l  
c a p a c i t y  i s  reduced wi th  t h e  p r o g r e s s i o n  o f  d i s e a s e .  Suggested  
r ea sons  a re  a l t e r a t i o n s  in t h e  autonomic nervous  sys tem,  t i s s u e  
m e t a b o l i c  c a p a c i t y ,  and de c re a s ed  l ea n  body weight  found in  d i a b e t i c  
an im als  (Murphy, 1981) .  There were no c o r r e l a t i o n s  t o  s u g g e s t  body 
mass a l t e r e d  h e a r t  r a t e  r e s p o n s e s .  I n s t e a d ,  Murphy conc luded  d e c l i n e d  
oxygen d e l i v e r y  and u t i l i z a t i o n  in d i a b e t i c s  r e s u l t e d  in  de c re a s e d  
h e a r t  r a t e s .
S t u d ie s  in d i a b e t i c  humans (Wahren, 1983) ,  however,  have 
r e p o r t e d  h i g h e r  h e a r t  r a t e s  a t  a given  work load .  Wahren c o n t r i b u t e d
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t h i s  t o  i n c r e a s e d  plasma c a te c h o la m in e  c o n c e n t r a t i o n s ,  however,  t h e r e  
i s  c o n s i d e r a b l e  v a r i a b i l i t y  in  h e a r t  r a t e  r esponse  o f  p a t i e n t s  who 
have had d i a b e t e s  over  a l o n g e r  pe r iod  o f  t im e .  Both Wahren and 
Murphy r e p o r t e d  r e s u l t s  from t y p e  I d i a b e t i c s ,  t h e r e f o r e ,  no 
c o n c l u s i v e  ev id ence  from t h e i r  s t u d i e s  i n d i c a t e s  NIDDM p a t i e n t s  have a 
reduced  f u n c t i o n a l  c a p a c i t y  o r  a l t e r e d  h e a r t  r a t e  r e sponse  t o  
t r e a d m i l l  e x e r c i s e  a t  submaximal o r  maximal w ork loads .
Kro tk iewski  (1985) compared p h ys ic a l  f i t n e s s  (V02 max, body 
c o m p o s i t i o n ,  and e x e r c i s e  h e a r t  r a t e )  i n  obese s u b j e c t s  wi th  normal 
g lu c o s e  t o l e r a n c e ,  t y p e  I I  d i a b e t i c s ,  and c o n t r o l s  matched f o r  age and 
body w e i g h t ,  a f t e r  p a r t i c i p a t i o n  in an i n d i v i d u a l i z e d  t r a i n i n g  program 
(50 min. s e s s i o n s / 3  days p e r  week f o r  3 m onths) .  I n d i v i d u a l s  were on 
a c a l o r i c  ba lance  d i e t  t h ro u g h o u t  t r a i n i n g .  Oral g lucose  t o l e r a n c e  
(measured by t h e  change in  sum o f  C -p e p t id e  v a l u e s )  and i n s u l i n  
b i n d in g  t o  a d ip o c y t e s  (measured by in cu b a ted  a d ip o s e  t i s s u e  biopsy  
a f t e r  an o v e r n i g h t  f a s t )  were a l s o  compared in  t h e  g roups .  No 
s i g n i f i c a n t  changes o c c u r r e d  in body compos i t ion  f o r  any g roup ,  
a l t h o u g h  a l l  s u b j e c t s  showed i n c r e a s e s  in  V02 max a n d /o r  d e c r e a s e s  in  
h e a r t  r a t e  du r in g  a submaximal e rgom ete r  t e s t .  F a s t i n g  g l u c o s e ,  sum 
o f  g lu co s e  du r ing  t h e  g lu co s e  t o l e r a n c e  t e s t ,  and sum o f  i n s u l i n  
v a lu e s  were h ig h e r  in  obese s u b j e c t s  than  in c o n t r o l s  b e fo r e  
t r a i n i n g .  T r a in in g  de c re a s e d  t h e  sum o f  C - pe p t ide  c o n c e n t r a t i o n s  in 
s u b j e c t s  wi th  p r i o r  high C -pe p t ide  c o n c e n t r a t i o n s ,  bu t  i n c r e a s e d  
v a lu e s  i n  s u b j e c t s  w i th  p r i o r  low C -p e p t id e  v a l u e s .  P e r ip h e r a l  
i n s u l i n  d id  not  change,  and g lu co s e  d i s p o s a l  was s i m i l a r  among a l l  
g roups .  A d d i t i o n a l l y ,  no changes were found in a d i p o c y t e s ,  i n s u l i n
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b i n d i n g ,  or  t h e  a n t i  1i p o l y t i c  e f f e c t  o f  i n s u l i n  a t  submaximal i n s u l i n  
l e v e l  s .
K r o t k i e w s k i 1s s tudy  i n d i c a t e d  ty p e  I I  d i a b e t i c s  and obese 
n o n d i a b e t i c  s u b j e c t s  can i n c r e a s e  p h ys ic a l  f i t n e s s  a f t e r  t r a i n i n g .
Both i n s u l i n  s e c r e t i o n  and e f f e c t i v e n e s s  a r e  a l t e r e d  by phys ica l  
t r a i n i n g ,  and a r e  de pe nden t ,  however ,  on i n d iv i d u a l  c o n d i t i o n  
( K r o tk i e w s k i ,  1985) .  In i n s u l i n  r e s i s t a n t  c o n d i t i o n s  wi th  high 
i n s u l i n  s e c r e t i o n  (h igh  C - p e p t i d e ) ,  i n c r e a s e d  p e r i p h e r a l  i n s u l i n  
s e n s i t i v i t y  i s  fo l lowed  by a d e c re a s e d  i n s u l i n  s e c r e t i o n ,  not  in 
a s s o c i a t i o n  wi th  an improvement in  g lu co s e  t o l e r a n c e .  In NIDDM 
p a t i e n t s  wi th  low C -p e p t i d e ,  i n c r e a s e d  i n s u l i n  s e c r e t i o n  r e s u l t s  from 
t r a i n i n g ,  but  p e r i p h e r a l  i n s u l i n  c o n c e n t r a t i o n s  a r e  not  a l t e r e d .  This  
s u g g e s t s  t h e  e x t r a  i n s u l i n  produced was c a p tu r e d  by t h e  l i v e r .
I n s u l i n  and C - pe p t ide  a r e  r e l e a s e d  from t h e  Beta c e l l  in  equal  
amounts ( J o s l i n ,  1985) .  C -p e p t id e  i s  not  t aken  up by t h e  l i v e r  
( S t r y e r ,  1988) as  i s  i n s u l i n ,  t h e r e f o r e ,  measurement  o f  C -pep t ide  
c o n c e n t r a t i o n s  in  p e r i p h e r a l  blood g ive  a b e t t e r  e s t i m a t e  o f  i n s u l i n  
s e c r e t i o n  th a n  measurements  o f  p e r i p h e r a l  i n s u l i n  c o n c e n t r a t i o n s .
In a n o th e r  s tu d y ,  Kro tk iewsk i  (1980) compared t h e  r e s u l t s  of  
t r a i n i n g  (55 min. 3 t im es /week)  in  600 obese and 100 d i a b e t i c  p a t i e n t s  
w i th o u t  d i e t a r y  r e s t r i c t i o n .  A f t e r  t h r e e  months,  no change in  body 
weight  o r  c om pos i t ion  was found f o r  obese and t y p e  I I  f e m a le s ,  but  
male p a t i e n t s  showed de c re a s ed  p e r c e n t  f a t  and i n c r e a s e d  l ea n  body 
mass.  Krotkiewski  a l s o  no ted  s i g n i f i c a n t  d e c r e a s e s  in  blood p r e s s u r e ,  
both a t  r e s t  and submaximal w o rk lo ad s ,  f o r  a l l  s u b j e c t s .  The de c re a s e  
was s i g n i f i c a n t l y  c o r r e l a t e d  t o  a d e c r e a s e  in  plasma i n s u l i n .  Thus,
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p h y s ic a l  t r a i n i n g  was concluded t o  have a b e n e f i c i a l  e f f e c t  on 
metabo l i sm and blood p r e s s u r e  in  o b e s i t y  and ty p e  II  d i a b e t e s .  
Kro tk iewski  d id  not  measure oxygen u p t a k e ,  t h e r e f o r e ,  no f i r m  
c o n c lu s i o n s  on f u n c t i o n a l  c a p a c i t y  in  d i a b e t e s  can be made from t h i s  
s tu d y .
P a s t  r e s e a r c h  has shown t h a t  e x e r c i s e  can i n c r e a s e  co ro n a ry  
blood f lo w ,  myocard ial  oxygen consumpt ion ,  and c a r d i a c  e f f i c i e n c y  in 
normal i n d i v i d u a l s  (Lombardo, 1953) ,  and may i n c r e a s e  t o t a l  blood 
volume ( O s c a i ,  1958) ,  however , Coram (1986) r e p o r t e d  t h a t  d i a b e t i c s  
d e m o n s t ra t e  a reduced a b i l i t y  t o  e x e r c i s e ,  reduced pe r fo rm ance ,  and 
d i s p l a y  c a r d i o v a s c u l a r  d i f f e r e n c e s  compared t o  normal .  This  sugges ted  
d i a b e t i c s  a r e  not  c a p ab le  o f  a c h i e v in g  b e n e f i t s  from e x e r c i s e  
comparable  t o  a n o n d i a b e t i c ,  a p p a r e n t l y  h e a l t h y  i n d i v i d u a l .
Krotkiewski  (1980 and 1985) ,  however ,  found i n c r e a s e d  p h ys ic a l  
perfo rmance  a f t e r  t r a i n i n g  in  d i a b e t i c s  and obese i n d i v i d u a l s ,  but  t h e  
r e s u l t s  d id  not  compare l e v e l  o f  f i t n e s s  between t h e  two g roups .
On t h e  o t h e r  hand,  Zahorska-Marizkova  (1980) found f u n c t i o n a l  
c a p a c i t y  and c a r d i o r e s p i r a t o r y  e f f i c i e n c y  d e t e r i o r a t e d  in  obese 
compared wi th  normal weight  i n d i v i d u a l s ,  bu t  found i n c r e a s e d  
f u n c t i o n a l  c a p a c i t y  and c a r d i o r e s p i r a t o r y  e f f i c i e n c y  a f t e r  10% weight  
r e d u c t i o n  th rough  d i e t  and e x e r c i s e .  Zahorska-Marizkova d id  not  
r e p o r t  on d i a b e t i c s ,  a l t h o u g h ,  d i a b e t e s  in  i t s e l f  i s  a s s o c i a t e d  wi th  
o b e s i t y  ( F r e y s c h u s s ,  1978) .  I t  was s p e c i f i c a l l y  no ted  t h a t  obese 
c h i l d r e n  were found t o  have po o re r  r e s u l t s  on a s t a n d a r d  s t e p  t e s t  or  
submaximal e rgom e te r  t e s t ,  and lower  performance in dynamic,  a e ro b i c  
c h a r a c t e r  (Zahorska-M ar izkova ,  1980) t h a n  l ea n  c h i l d r e n .  Upper body
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s t r e n g t h  was t h e  o p p o s i t e ,  h ig h e r  in  obese than  l ea n  i n d i v i d u a l s .  I t  
was a l s o  r e p o r t e d  (H u t tunen ,  1986) t h a t  obese  c h i l d r e n  may be l e s s  f i t  
t h an  normal weight  s u b j e c t s  when measured u s ing  a t w o - s t a g e  e rgom ete r  
e x e r c i s e  t e s t ,  bu t  show improved V02 max a f t e r  t r a i n i n g  and weight  
r e d u c t i o n .  Huttunen found i n c r e a s e d  V02 max in obese s u b j e c t s  a f t e r  
t r a i n i n g  but  not  i n c r e a s e d  t o  t h e  same l e v e l  as a non-obese  c o n t r o l  
group (33 .0  m l/kg /m in .  in obese a f t e r  t r a i n i n g  and 47 .8  m l /kg /m in .  in 
t h e  c o n t r o l s ) .  I f  o b e s i t y  i s  c o r r e l a t e d  w i th  NIDDM, t h e s e  s t u d i e s  
would i n d i c a t e  t h a t  obese d i a b e t i c s  a l s o  have impaired p h ys ic a l  
f i t n e s s  l e v e l s  compared t o  a p p a r e n t l y  h e a l t h y  c o n t r o l s ,  but  phys ica l  
f i t n e s s  may improve w i th  t r a i n i n g .
To c onf i rm  t h i s ,  s e v e r a l  groups o f  o b e s e ,  a d u l t  p a t i e n t s  wi th  
i n c r e a s i n g  degree  o f  g lucose  i n t o l e r a n c e ,  and p a t i e n t s  w i th  t y p e  I I  
d i a b e t e s  were t r a i n e d  ac co rd in g  t o  t h e  same phys ica l  t r a i n i n g  program 
(dynamic endurance  i n t e r v a l  t r a i n i n g ,  55 min/3 days a week) f o r  t h r e e  
months ( K r o tk i e w s k i ,  1978-1983) .  R e s t in g  h e a r t  r a t e ,  h e a r t  r a t e  a t  
submaximal work l o a d s ,  r e s t i n g  blood p r e s s u r e ,  and blood  p r e s s u r e  a t  
submaximal work lo a d s  de c re a s ed  in  a l l  s u b j e c t s  a f t e r  t r a i n i n g ;  
whereas  maximal oxygen up take  i n c r e a s e d  f o r  a l l  g roups ( s p e c i f i c  
v a lu e s  u n r e p o r t e d ) .  Max t o r q u e  i s o m e t r i c  and i s o k i n e t i c  s t r e n g t h ,  and 
i s o k i n e t i c  endurance  i n c r e a s e d  f o r  a l l  g r o u p s ,  wi th  i s o m e t r i c  
endurance  i n c r e a s e d  f o r  a l l  groups e xcep t  t h e  normoglycemic obese .
Body com pos i t ion  showed no s i g n i f i c a n t  d i f f e r e n c e  f o r  any group a f t e r  
t r a i n i n g .  I t  was concluded t h a t  o b e s i t y  and d i a b e t e s  do no t  exc lude  
normal p h y s i o l o g i c a l  a d a p t a t i o n  t o  t r a i n i n g .
Although Krotkiewski  found i n c r e a s e s  in performance a f t e r
t r a i n i n g  in  NIDDM p a t i e n t s ,  B j o r n to r p  (1985) suppor ted  Murphy and 
s u g ge s te d  d i a b e t e s  p r e c l u d e s  performance  e q u i v a l e n t  t o  n o n d i a b e t i c s .  
B j o r n to r p  compared ph y s ic a l  f i t n e s s  ( u s i n g  a submaximal e rgom ete r  t e s t  
w i th  work i n t e n s i t i e s  o f  100 and 150-175 w a t t s )  in  twenty - two  
normoglycemic,  non-obese males wi th  a f a m i ly  h i s t o r y  o f  t y p e  II 
d i a b e t e s  t o  51 a p p a r e n t l y  h e a l t h y  c o n t r o l s  matched f o r  age and body 
com pos i t ion  ( p e r c e n t  f a t  was e s t i m a t e d  wi th  s k i n f o l d  measurem ents ) .  
Es t im ated  maximal oxygen up take  was s i g n i f i c a n t l y  lower (22-45 
ml/kg/min in t h e  h e r e d i t a r y  group and 25-55 ml/kg/min in  c o n t r o l s )  in  
t h e  h e r e d i t a r y  group ,  a l t hough  body compos i t ion  between groups were 
s i m i l a r .  S u b j e c t s  were a d m i n i s t e r e d  an o r a l  g lucose  t o l e r a n c e  t e s t  
w i th  s im u l ta ne ous  i n s u l i n  and C - p e p t id e  measurements ,  and c a l c u l a t i o n s  
o f  t h e  r a t i o s  o f  C - pe p t ide  t o  g l u c o s e ,  and i n s u l i n  t o  g lucose  were 
performed.  The r a t i o s  o f  i n s u l i n / g l u c o s e  a t  40 minutes  and o f  C- 
p e p t i d e / g l u c o s e  a t  40 ,  60 ,  and 90 m inu te s  were s i g n i f i c a n t l y  lower in 
t h e  h e r e d i t a r y  group compared t o  c o n t r o l s .  None o f  t h e  s u b j e c t s  
p a r t i c i p a t e d  in  r e g u l a r  phys ica l  a c t i v i t y .  The s tudy  s u g g e s t s  g e n e t i c  
f a c t o r s  p lay  an im p o r ta n t  r o l e  in  t h e  p a th o g e n e s i s  o f  NIDDM s in c e  
s u b j e c t s  wi th  impaired  g lucose  t o l e r a n c e  a l s o  show de c re a s ed  p h ys ic a l  
f i t n e s s .  B j o r n to r p  conc ludes  t h a t  t h e  h e r e d i t a r y  t r a i t  i s  a l r e a d y  
e x p re s s e d  in  i n d i v i d u a l s  wi th  a f a m i ly  h i s t o r y  o f  t y p e  II  d i a b e t e s ,  
bu t  phys ic a l  t r a i n i n g  cou ld  p o s s i b l y  p re v e n t  t h e  m a n i f e s t a t i o n  o f  
d i s e a s e  ( B j o r n t o r p ,  1985) .  B jo r n to r p  d id  not  fo l l o w  up wi th  a 
t r a i n i n g  program on t h e s e  s u b j e c t s ,  bu t  r e p o r t e d  r e s e a r c h  from Sal t i n  
(1979)  and Lindgarde  (1983)  t h a t  dem ons t ra ted  improved
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m e ta b o l i c  c o n t r o l  and in c r e a s e d  p h ys ic a l  performance a f t e r  t r a i n i n g  in 
t y p e  II  d i a b e t i c  p a t i e n t s .
Jankowski  (1988)  a l s o  r e p o r t e d  i n c r e a s e d  phys ic a l  f i t n e s s  a f t e r  
t r a i n i n g  in  NIDDM p a t i e n t s .  Jankowski ,  e t  a l .  s t u d i e d  f o u r  t y p e  II 
d i a b e t i c s  b e f o r e  and a f t e r  phys ica l  t r a i n i n g  (e rgom ete r  e x e r c i s e  
performed 3 days /w eek ,  1 -ho u r /d a y  a t  60% V02 max) f o r  t h r e e  months.  
Body weight  de c re a s e d  from 70.7  + 8 . 2  t o  6 9 .5  + 8 .2  kg,  body f a t n e s s  
d e c re a s e d  from 18.1 + 1 .9  t o  15 .2  + 1 .6  p e r c e n t ,  and V02 max in c r e a s e d  
from 2 3 . 4 + 3 . 1  t o  2 3 . 4 + 4 . 2  m l/kg /m in .  Jankowski found no 
s i g n i f i c a n t  changes in  g lucose  t o l e r a n c e  o r  i n s u l i n  s e n s i t i v i t y ,  
a l though  3 ou t  o f  4 p a t i e n t s  showed d e c re a s e d  g l y c o s y l a t e d  hemoglobin 
and i n c r e a s e d  i n s u l i n  s e n s i t i v i t y  (measured wi th  i n t r a v e n o u s  i n s u l i n  
i n f u s i o n ) .  Th is  s u g g e s t s  maximal oxygen consumpt ion ,  body 
c o m p o s i t i o n ,  and g lucose  u t i l i z a t i o n  a r e  improved in  NIDDM p a t i e n t s  
a f t e r  t r a i n i n g  f o r  t h r e e  months.  S u b s t a n t i a l  ev id ence  f o r  improved 
f i t n e s s  a f t e r  t r a i n i n g  in  t y p e  I I  d i a b e t i c s  i s  not  p rov ided in  t h i s  
s tudy  due t o  t h e  small sample s i z e  and l i m i t e d  d a t a  c o l l e c t i o n .  Pre 
and pos t  t r a i n i n g  body compos i t ion  va lu e s  were u n u s u a l ly  low,  and both 
sexes  were combined in  group measurements  (1 male and 3 f e m a l e s ) .
Other  s t u d i e s  (Adams, 1986) ( C r a i g ,  1981) ( P a r i z k o v a ,  1982) 
( S a s a k i ,  1987) (DeFronzo,  1981) have documented improved ph y s ic a l  
perfo rmance  in  obese i n d i v i d u a l s  a f t e r  t r a i n i n g  and /  o r  weight  
r e d u c t i o n ,  however ,  l i m i t e d  d a t a  a r e  a v a i l a b l e  on t y p e  II  d i a b e t i c s .  
Without  f u l l  knowledge o f  t h e  mechanisms f o r  improved phys ica l  
performance  in  d i a b e t e s ,  p o t e n t i a l  e x e r c i s e  r i s k s  and c o m p l i c a t io n s  
must be c o n s id e r e d  b e f o r e  f i r m  c o n c lu s i o n s  can be made.
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COMPLICATIONS OF NIDDM
O bes i ty  has been p r e v i o u s l y  d i s c u s s e d  ( see  O b e s i ty  and D ia be te s )  
as a major  c o m p l ic a t io n  in  t h e  e t i o l o g y  o f  NIDDM. P o p u la t i o n  s t u d i e s  
( C r o c k e t t ,  1980) r e p o r t  a f i v e  t o  n i n e - f o l d  d i f f e r e n c e  in t h e  
p r e v a l e n c e  o f  d i a b e t e s  between obese and l ean  peop le  of  t h e  same r a c e ,  
c o u n t r y ,  and c u l t u r e  (West ,  1971) .  O b e s i ty  i s  a main o r  s u b s i d i a r y  
pa thogen ic  f a c t o r  in  t h e  development  o f  a t h e r o s c l e r o s i s  and 
h y p e r t e n s io n  ( G in sb e r g ,  1988) ,  and ty p e  II  d i a b e t e s  i s  a s s o c i a t e d  wi th  
bo th  of  t h e s e  c o n d i t i o n s .  Pacy,  e t  a l .  (1986)  r e p o r t e d  t y p e  II  
d i a b e t i c s  a re  prone t o  p rem atu re  a t h e r o s c l e r o s i s ,  wi th  m ac rovasc u la r  
and m ic r o v a s c u la r  d i s e a s e  o c c u r r in g  e a r l i e r  and wi th  g r e a t e r  s e v e r i t y  
in  a l l  forms o f  d i a b e t e s  (Ganda,  1980) .  The I n t e r n a t i o n a l  
A t h e r o s c l e r o s i s  P r o j e c t  ( S c h n e i d e r ,  1986) e s t a b l i s h e d  t h a t  
a t h e r o s c l e r o s i s  appears  t o  be a c c e l e r a t e d  in  t h e  co rona ry  a r t e r i e s  and 
abdominal a o r t a s  o f  d i a b e t i c s ,  independen t  o f  age ,  r ac e  o r  
h y p e r t e n s i o n .  A d d i t io n a l  r e s e a r c h  from t h e  Framingham p o p u l a t io n  
r e p o r t e d  an i n c r e a s e d  m o r b i d i t y  and m o r t a l i t y  among t h e  d i a b e t i c  group 
due t o  c a r d i o v a s c u l a r  causes  (McMillan,  1981) ( S c h n e i d e r ,  1986) .
A t h e r o s c l e r o s i s  can m a n i f e s t  i t s e l f  as  c a r d i o v a s c u l a r  d i s e a s e  
(Coram, 1986) ,  c e r e b r o v a s c u l a r  d i s e a s e ,  and rena l  d i s e a s e  ( V i tu g ,  
1986) .  NIDDM p a t i e n t ' s  r i s k  o f  co rona ry  h e a r t  d i s e a s e  i s  i n c r e a s e d  
t w o - f o l d  f o r  males and f o u r - f o l d  f o r  fem ale s  compared wi th  age and sex 
matched n o n d i a b e t i c s  ( S c h n e i d e r ,  1986) .  The r i s k  i s  doubled f o r  
s u b j e c t s  wi th  impa ired  g lu co s e  t o l e r a n c e ,  i n d i c a t e d  as  blood suga r  
above t h e  95th p e r c e n t i l e  ( S c h n e i d e r ,  1986) ,  in dependen t  o f  o t h e r  r i s k  
i n d i c e s .  I f  l a r g e  v e s s e l s  a r e  i n v o lv e d ,  reduced  a r t e r i a l  blood f low
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t o  t h e  lower e x t r e m i t i e s  can l e a d  t o  i n t e r m i t t e n t  c l a u d i c a t i o n ,  
p a r a t h e s i a s ,  slow h e a l i n g  o f  i n j u r i e s ,  l o c a l  i n f e c t i o n ,  and u l c e r a t i o n  
(Bergman, 1985) (Coram, 1986) .
The Bedford Survey i n v e s t i g a t e d  1 0 - y e a r  m o r t a l i t y  r a t e s  in  newly 
d iagnosed  d i a b e t i c  s u b j e c t s ,  b o r d e r l i n e  d i a b e t i c s ,  and normoglycemic 
c o n t r o l s .  A g e -c o r r e c t e d  m o r t a l i t y  r a t e s  from a l l  causes  were h i g h e s t  
f o r  d i a b e t i c s  and p a t i e n t s  wi th  g lu c o s e  i n t o l e r a n c e .  Mechanisms by 
which e l e v a t e d  g lucose  and i n s u l i n  c o n t r i b u t e  t o  a t h e r o s c l e r o s i s  and 
co ro n a ry  h e a r t  d i s e a s e  a r e  now being i n v e s t i g a t e d  ( I s r a e l ,  1981) 
(McMillan,  1981) ,  bu t  due t o  l a r g e ,  v a r i a b l e  p o p u l a t i o n s ,  i t  i s  hard 
t o  i d e n t i f y  one c a u se .  Ep idemio lo g ica l  ev id e n c e  o f  a c o r r e l a t i o n  
between h y p e r in s u l in e m ia  and a t h e r o s c l e r o s i s  e x i s t s  ( S t o u t ,  1981) in 
NIDDM, bu t  t h e i r  casusua l  r e l a t i o n s h i p  has not  been conf i rmed .
I n s u l i n  in  t i s s u e  c u l t u r e s  h a s ,  however , shown t o  cause  p r o l i f e r a t i o n  
o f  a r t e r i o l e s  f ee d in g  t h e  a r t e r i e s  in  smooth musc le .  Prolonged 
exposure  t o  i n s u l i n  may l ea d  t o  l i p i d - f i l l e d  l e s i o n s  in  a t h e r o ­
s c l e r o s i s  ( S t o u t ,  1981) .  Whether t h e s e  changes  a r e  due t o  a d i r e c t  
a c t i o n  on t h e  wal l o f  t h e  a r t e r y  or  an i n d i r e c t  i n f l u e n c e  o f  l i p i d  
metabo l i sm i s  no t  known, a l t h o u g h  c l i n i c a l l y ,  h y p e r i n s u l i n e m i a  seems 
t o  be a p r im ary  r i s k  f a c t o r  f o r  myocardia l  i n f a r c t i o n .  ( S t o u t ,  1981) .
Hyper in su l in em ia  and g lu co s e  i n t o l e r a n c e  in  d i a b e t e s  a r e  
c o n s id e r e d  combined r i s k  f a c t o r s  ( S t o u t ,  1981) a s s o c i a t e d  wi th  
h y p e r t e n s i o n ,  d y s l i p o p r o t e i n e m i a ,  and o b e s i t y  ( G a r r e t t ,  1985) 
( S c h n e i d e r ,  1986) .  They may a l s o  be a t h e r o g e n i c .  A p o s s i b l e  
mechanism f o r  t h e  development  o f  a t h e r o s c l e r o s i s  from hype rg lycemia  i s  
nonenzymatic  g l y c o s y l a t i o n  o f  p r o t e i n s  ( S c h n e i d e r ,  1986) .
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Nonenzymatic g l y c o s y l a t i o n  o f  l o w - d e n s i t y  and h i g h - d e n s i t y  
l i p o p r o t e i n s  may a l t e r  t h e i r  c a t a b o l i s m  and c o n t r i b u t e  t o  l i p i d  accum­
u l a t i o n ,  whereas  nonenzymatic  g l y c o s y l a t i o n  o f  c o n n e c t iv e  t i s s u e  could 
c o n t r i b u t e  t o  the. p r o g r e s s i o n  o f  t h e  a t h e r o s c l e r o t i c  l e s i o n .  An 
o v e r a l l  r e d u c t i o n  o f  HDL-choles te rol  e x i s t s  in  d i a b e t e s  (Coram, 1986) ,  
w i th  t h e  g r e a t e s t  low er ing  found in  f emale  d i a b e t i c s  (Ganda, 1980) .  
N ik k i l a  (1981) r e p o r t e d  no a l t e r a t i o n s  in  LDL-choles te ro l  in  
d i a b e t i c s ,  whereas  Mattock (1979) found d i a b e t i c  men but  no t  women t o  
have i n c r e a s e d  L D L - c h o l e s t e r o l .  Thus,  c o n t r o v e r s i a l  o p in io n s  remain .  
Van d e r  Beek (1984) s u g g e s t s  body weight  and p e r c e n t  o f  body f a t  a r e  
m o d i f i e r s  o f  t r i g l y c e r i d e s  and p o s s i b l y  LD L-choles te ro l  
c o n c e n t r a t i o n s .  Van d e r  Beek s t u d i e d  t y p e  I d i a b e t i c  males and 
c o r r e l a t e d  energy e x p e n d i t u r e  and s y s t o l i c  blood p r e s s u r e  wi th  
c h o l e s t e r o l ,  f i n d i n g  a p o s i t i v e  r e g r e s s i o n  o f  HDL w i th  i n c r e a s i n g  
blood p r e s s u r e  and d e c r e a s e d  ene rgy e x p e n d i t u r e .  Such v a r i a b l e  
f a c t o r s  in  t h e s e  s t u d i e s  w a r ra n t  f u r t h e r  r e s e a r c h  b e f o r e  p o s i t i v e  
c o n c l u s i o n s  can be made.
Others  r e p o r t  l i p i d / l i p o p r o t e i n  a b n o r m a l i t i e s  a r e  commonly 
p r e v a l e n t  in  t y p e  II  d i a b e t e s  (Ganda,  1980) ( N i k k i l a ,  1981) ( J o s l i n ,
1985) (G in sb e rg ,  1988) ,  a l t h o u g h  some r e s e a r c h  has found th e  
r e l a t i o n s h i p  o f  e l e v a t e d  i n s u l i n  l e v e l s  t o  a r t e r i a l  d i s e a s e  
in dependen t  o f  blood p r e s s u r e ,  g l u c o s e  t o l e r a n c e ,  o r  plasma l i p i d s  
( S c h n e i d e r ,  1986) .  Animal s t u d i e s  have d e m o n s t ra t ed  p o t e n t i a l  
a t h r o g e n i c i t y  from e l e v a t e d  i n s u l i n  ( S t o u t ,  1981) .  S to u t  showed 
c h i c k e n s  fed  a normal d i e t  and i n j e c t e d  w i th  i n s u l i n  f o r  19 weeks 
deve loped  l i p i d - c o n t a i n i n g  l e s i o n s  o f  t h e  a o r t a  t h a t  were not
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a s s o c i a t e d  wi th  weight  c h a n g e s ,  o r  changes in  plasma l i p i d s  ( r e v i ew  by 
S c h n e id e r ,  1986) .
McMillan (1978 ,  1979,  and 1981) r e p o r t e d  h y p e r in s u l in e m ia  and 
hyperg lycemia  u s u a l l y  c o e x i s t  in  d i a b e t i c s ,  and found th e y  a r e  more 
prone t o  s u f f e r i n g  e x c e s s i v e  s h e a r  s t r e s s  n ea r  o r i f i c e s  o f  b ranches  o f  
t h e  a o r t a ,  which i s  a p r im ary  a re a  where a t h e r o s c l e r o t i c  p laques  
d e v e lo p .  This  c o m p l ic a t io n  i s  r e f e r r e d  t o  as  m ic ro an g io p a th y ,  
c h a r a c t e r i z e d  by s t r u c t u r a l  and f u n c t i o n a l  a l t e r a t i o n s  o f  t h e  basement  
membranes o f  c a p i l l a r i e s  and w a l l s  o f  t h e  a r t e r i o l e s  and v e n u le s .  
(Coram, 1986) Any form o f  i n j u r y  t o  t h e  endo the l ium  may consequen t  in  
desquamation  and i n c r e a s e d  e n d o t h e l i a l  p e r m e a b i l i t y  f o r  t h e  
p r o l i f e r a t i o n  o f  a r t e r i a l  smooth muscle c e l l .  The p r e c i s e  n a t u r e  o f  
t h e  p r o l i t e r a t i o n  ( m e c h a n ic a l ,  c h e m ica l ,  o r  immune) i s  not  c l e a r ,  
however ,  in  v i t r o  expe r im e n t s  have shown a p l a t e l e t  f a c t o r  i s  most  
l i k e l y  r e q u i r e d .  Thus,  McMillan has a s s o c i a t e d  e l e v a t e d  i n s u l i n  and 
blood g lu c o s e  wi th  a r t e r i a l  d i s e a s e .  D i a b e t i c s  a l s o  s u f f e r  from 
e l e v a t e d  serum v i s c o s i t y  (McMillan, 1978) ( G a r r e t t ,  1985) due t o  a 
r e d u c t i o n  in  serum albumin and an i n c r e a s e  in  s e v e r a l  g l o b u l i n s .
Plasma f i b r i n o g e n  i s  e l e v a t e d  in g lucose  i n t o l e r a n c e ,  wi th  g r e a t e r  
e l e v a t i o n  in  t h o s e  w i th  c l i n i c a l  e v idence  o f  m ic roang iopa thy  than  
w i t h o u t ,  s u g g e s t i n g  a m e t a b o l i c  b a s i s  (McMil lan, 1981) .  When l i n k e d  
t o  reduced  e r y t h r o c y t e  d e f o r m a b i l i t y  ( D i t z e l ,  1976) ,  t h i s  adds t o  t h e  
s h e a r  s t r e s s  a t  t h e  ves se l  wal l i n c r e a s i n g  t h e  s u s c e p t i b i l i t y  t o  l i p i d  
a g g r e g a t i o n .
Blood v e s s e l s ,  be ing  e l a s t i c  in n a t u r e ,  respond t o  p r e s s u r e  
changes  produced by c a r d i a c  o u t p u t  ( A s t r a n d ,  1986) .  The more r i g i d
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t h e  v a s c u l a r  w a l l ,  t h e  more pronounced t h e  p u l s e  wave t r a n s m i t t e d  
downstream. Actual  e l a s t i c  re sponse  o f  v e s s e l s  i s  n o n l i n e a r  wi th  
r e s p e c t  t o  d i l a t i o n .  Walls become s t i f f e r  as  t h e y  d i l a t e ,  y e t  in 
d i a b e t i c s  t h e  s t i f f e n i n g  i s  more pronounced ,  (McMillan,  1979) 
( S c h n e i d e r ,  1986) .  S t i f f i e n i n g  i s  a l s o  a normal r e sponse  t o  a g in g ,  
and a l t hough  s t i f f e n i n g  has been d e t e c t e d  in  j u v e n i l e  d i a b e t i c s ,  i t  i s  
known t o  be more pronounced in  t h e  a o r t i c  r eg io n  in  o l d e r  d i a b e t i c s .  
(McMillan,  1981) .  This  s low deve lop ing  impairment  can r e s u l t  in  
b l i n d n e s s ,  r ena l  f a i l u r e ,  s enso ry  d e f i c i t s ,  and p a r a l y s i s  (Coram,
1986) (Kahn, 1986) .
A c o m p l ic a t io n  r e s u l t i n g  in  impaired  c a r d i o v a s c u l a r  re sponse  t o  
e x e r c i s e  i s  autonomic neuropa thy  (Kahn, 1986) .  Autonomic neuropa thy  
i s  c h a r a c t e r i z e d  by impa ired  r e f l e x e s  c o n t r o l l i n g  blood p r e s s u r e  and 
c a r d i a c  o u t p u t .  I f  no t  c o n t r o l l e d  (w i th  by b e t a - b l o c k e r s  o r  o t h e r  
blood p r e s s u r e  m e d i c a t i o n ) ,  t h i s  may l e a d  t o  hypotens ion  c a u s in g  a 
r e d u c t i o n  o f  blood f low t o  e x e r c i s i n g  m usc le s .  This  f u r t h e r  l e a d s  t o  
i schemia  and exces s  l a c t i c  f o rm a t io n .  L a c t a t e  and py ruva te  p roduc t ion  
o c c u rs  du r ing  v igo rous  e x e r c i s e  in n o n d i a b e t i c s  ( A s t r a n d ,  1986) ,  
a l t h o u g h  l e v e l s  r i s e  h i g h e r  in  d i a b e t i c s  ( F e l l ,  1982) .  Autonomic 
n e u ro p a th y ,  o r  p e r i p h e r a l  n e u ro p a th y ,  l e a v e s  t h e  body more v u l n e r a b l e  
t o  i n j u r y ,  e s p e c i a l l y  du r in g  r e c u r r e n t  compressions  o f  j o g g i n g ,  
r u n n in g ,  o r  jumping ( G r e e n l e e ,  1987) .  I t  can a l s o  d e c r e a s e  mechanical  
e f f i c i e n c y  and l e s s e n  t h e  p e r c e p t i o n  o f  pa in  du r in g  i n j u r i e s .
P r o l i f e r a t i v e  r e t i n o p a t h y  i s  a c o m p l i c a t io n  o f  s p e c i a l  concern  
in  d i a b e t e s  due t o  t h e  s y s t o l i c  blood p r e s s u r e  r i s e  du r ing  e x e r c i s e ,  
c a u s in g  a d d i t i o n a l  s t r e s s  on a l r e a d y  weakened blood v e s s e l s  in  t h e
r e t i n a .  ( D e l i o ,  1985) (Hor ton ,  1988) .  A sudden su rge  o f  blood 
p r e s s u r e  a s s o c i a t e d  wi th  e x e r c i s e  " b u r s t s " ,  o r  e x e r c i s e s  performed 
w i th  t h e  head lower than  the  t ru n k  can r e s u l t  in  v i t r e o u s  hemorrhage.  
Among t h e  c o n t r a i n d i c a t e d  s p o r t s  f o r  d i a b e t i c s  s u f f e r i n g  from 
r e t i n o p a t h y  a r e :  weight  l i f t i n g ,  c o n t a c t  s p o r t s ,  o r  s t r e n u o u s
c a l i s t h e n i c s .  Recommended e x e r c i s e s  a r e  swimming, c y c l i n g ,  and b r i s k  
w a lk ing ;  however,  blood p r e s s u r e  must be mon ito red  and e x e r c i s e  
i n t e n s i t y  reduced  i f  s y s t o l i c  blood p r e s s u r e  exceeds  170 mmHg (Devl in  
and Horton ,  1985) .
The impact  o f  d i a b e t i c  c o m p l i c a t io n s  i s  not  y e t  c l e a r  (Coram, 
1986) .  Research has  confirmed d i a b e t i c s  have impaired  oxygen 
t r a n s p o r t  (McMillan 1978-1981)  (G insbe rg ,  1988 ) ,  a r e  a t  an i n c r e a s e d  
r i s k  f o r  m ac ro v as c u la r  d i s e a s e  (Ganda, 1980) ( G u s t a f s o n ,  1982) 
( S c h n e i d e r ,  1986) ,  and have l i p i d  a b n o r m a l i t i e s  ( N i k k i l a ,  1981) 
( J o s l i n ,  1985) .
Phys ica l  f i t n e s s  may improve t h e s e  a b n o r m a l i t i e s  ( B e rg e r ,  1979) 
(Thompson, 1980) ( V i tu g ,  1986) ,  a l though  t h e  b e n e f i t s  o f  e x e r c i s e  must 
outweigh t h e  r i s k s  (Coram, 1986) .  As d i s c u s s e d ,  NIDDM p a t i e n t s  have 
shown improvements in  g lu c o s e  t o l e r a n c e ,  plasma l i p i d s ,  and i n s u l i n  
s e n s i t i v i t y  wi th  t r a i n i n g  (Bogardus,  1984) ( C r o c k e t t ,  1980)
( S c h n e i d e r ,  1984) ,  bu t  t h e  mechanisms remain u n c l e a r  and more r e s e a r c h  




PURPOSE AND EXPERIMENTAL DESIGN
The purpose o f  t h i s  s tudy  was t o  de te rm ine  t h e  e f f e c t s  o f  
phys ica l  t r a i n i n g  on f i t n e s s  l e v e l s  and blood g lu c o s e  in  o b e s i t y  and 
Type II  d i a b e t e s  m e l l i t u s .  T h i r t e e n  s u b j e c t s  v o l u n te e r e d  t o  
p a r t i c i p a t e  in  a 12 week e x e r c i s e  program. S u b j e c t s  were d iv id e d  i n t o  
two g r o u p s ,  one n o n - i n s u l i n  dependent  d i a b e t i c  group (N=5) and one 
overw eigh t  c o n t r o l  group (N=8). Phys ica l  f i t n e s s  was a s s e s s e d  b e fo r e  
and a f t e r  t h e  t r a i n i n g  program, and blood g lu c o s e  was measured b e fo re  
and a f t e r  each e x e r c i s e  s e s s i o n .
SUBJECTS
S u b j e c t s  were o v e rw e ig h t ,  s e d e n t a r y  males  (N=2) and females  
( N = l l ) ,  X = 48.5 y e a r s ,  matched f o r  p rev io u s  s e d e n t a r y  l i f e s t y l e .
They were c o n s id e r e d  u n f i t  i n d i v i d u a l s ,  not  t r a i n i n g  r e g u l a r l y  or  
engaged in s p o r t s  a c t i v i t y .  S u b j e c t s  were not  d i e t i n g  u n l e s s  under  
p h y s i c i a n  c a re  t o  c o n t r o l  blood g lu c o s e .  Two d i a b e t i c ' s  and one 
n o n d i a b e t i c  were on m e d ic a t io n  t o  c o n t r o l  blood g lu c o s e  bu t  no one 
used exogenous i n s u l i n  t o  c o n t r o l  blood g l u c o s e .  No r e s t r i c t i o n s  were 
p laced  on d i e t  o r  c a l o r i c  i n t a k e  th rou g h o u t  t h e  program. S u b j e c t s  
were asked not  t o  p a r t i c i p a t e  in  o t h e r  e x e r c i s e  programs du r in g  t h e  12- 
wk s tu d y .  D e s c r i p t i v e  d a t a  on t h e  groups a r e  p r e s e n t e d  in  Table  1:
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Table 1
D e s c r i p t i v e  d a t a  of  s u b j e c t ' s  age ,  we ight  and p e r c e n t  body f a t .
Group N Age WT. (kg) % Fat
D i a b e t i c 5 58.28  + 5.52 77.05  + 6 .24 34 .68  + 6.14
male 2 59 .50 + 7.50 74.77 + 3 .40 28.10 + 0 .60
female 3 57.30 + 3.40 78.63 + 6 .22 39.10  + 1.10
Non-Diabe t i c 8 38 .62 + 16.26 82 .58  + 16.11 35 .96 + 5.06
PHYSICAL FITNESS TESTING
P r i o r  t o  t e s t i n g ,  s u b j e c t s  r ea d  and s ig ned  an informed consen t  
( d i a b e t i c  and n o n d i a b e t i c  f o r m s ) ,  H ea l th  H i s to r y  q u e s t i o n n a i r e ,  and 
PAR-Q ( se e  Appendix B). A p h y s i c i a n  c l e a r a n c e  was r e q u i r e d  f o r  a l l  
d i a b e t i c s .  The a r e a s  o f  phys ica l  f i t n e s s  s e l e c t e d  f o r  e v a l u a t i o n  
i n c l u d e d :  body c o m p o s i t i o n ,  f l e x i b i l i t y ,  m uscu la r  s t r e n g t h  and 
e n d u ra n c e ,  and c a r d i o r e s p i r a t o r y  endurance  ( s e e  Appendix D and E) .  
These a r e a s  were a s se s s e d  u s ing  t h e  Nat iona l  YMCA t e s t  b a t t e r y  
( G o ld ing ,  Myers and S i n n in g ,  1982) .  T e s t  s c o r e s  were r eco rded  on 
i n d i v i d u a l  d a t a  c o l l e c t i o n  s h e e t s  ( s e e  Appendix D). The t e s t s  were 
a d m i n i s t e r e d  as  f o l l o w s :
1. R es t ing  Blood P r e s s u r e
2. R es t ing  Heart  Rate
3 .  Height  and Weight
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4.  Body Composit ion
5. Recovery Heart  Rate
6. F l e x i b i 1i t y  Measurement
7. Muscula r  S t r e n g th  and Endurance
8.  B ic y c le  Ergometer
P r i o r  t o  t e s t i n g ,  s u b j e c t s  were asked t o  r e f r a i n  from e x e r c i s e  
f o r  a 24 hour  p e r i o d .  Alcohol consumption was r e s t r i c t e d  w i t h i n  a 24 
hour  p e r i o d ,  food consumption was r e s t r i c t e d  t o  one hour  b e fo r e  
t e s t i n g .
BLOOD PRESSURE AND RESTING HEART RATE:
Blood p r e s s u r e  and r e s t i n g  h e a r t  r a t e  were measured from t h e  
b r a c h i a l  a r t e r y  in t h e  normal manner .  A n o n - in v a s iv e  d i g i t a l  m on i to r  
( P u r i t a n - B e n n e t t )  prov ided  s y s t o l i c  and 5 th  phase d i a s t o l i c  blood 
p r e s s u r e  and h e a r t  r a t e .  Measurements were reco rded  on t h e  d a t a  
c o l l e c t i o n  s h e e t  (Appendix D).
HEIGHT AND WEIGHT:
Height  was measured w i th o u t  shoes t o  t h e  n e a r e s t  cm us ing  an 
an th ro p o m ete r .  S u b j e c t s  we ight  was t a k e n  wi th  a Toledo Weighing 
S c a l e .  Weight was recorded  t o  t h e  n e a r e s t  .1 kg.
BODY COMPOSITION DETERMINATION:
The J a c k s o n / P o l lo c k  p r e d i c t i o n  e q u a t i o n s  were used t o  e s t i m a t e  
body c om pos i t ion  from s k i n f o l d  measurements .  The e q u a t i o n s  have a
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m u l t i p l e  R o f  .392 and .825  wi th  unde rw a te r  we ighing .  All measure­
ments  were t a k e n  on t h e  r i g h t  s i d e  o f  t h e  body w i th  Harpenden Sk in fo ld  
C a l i p e r s .  S k in fo ld  measurements  were reco rded  on t h e  d a ta  c o l l e c t i o n  
s h e e t s ,  ( s e e  Appendix D). P e rce n t  f a t  f o r  men was de te rmined  by t h e
sum o f  4 s i t e s :  c h e s t ,  i l i u m ,  abdomen, and a x i l l a .
% f a t  = .27784 (XI) + .12437 (X2) -  3 .28791 
XI = sum o f  f o u r  s k i n f o l d s ;  X2 = age.
P e rce n t  f a t  f o r  women was de te rmined  by t h e  sum o f  t h r e e  s i t e s ;  i l i u m ,  
abdomen, and t r i c e p s .
% f a t  = .41463 (XI) - .00112 (XI) + .03661 (X2) + 4.03653 
XI = sum o f  t h r e e  s k i n f o l d s ;  X2 = age .
L oca t ions  f o r  s k i n f o l d  measurements were t ake n  as  d e s c r i b e d  by Golding 
e t  a l .  (1982):
Chest -  a d iagona l  f o l d  on t h e  p e c t o r a l  l i n e  midway
between t h e  a x i l l a r y  f o l d  and t h e  n i p p l e .
Abdomen -  a v e r t i c a l  f o l d  one inch  t o  t h e  r i g h t  o f  
t h e  u m b i l i c u s .
I l ium -  a d iagona l  f o l d  j u s t  above t h e  c r e s t  o f  t h e  
i l i u m  on t h e  m i d - a x i l l a r y  l i n e .
A x i l l a  -  a v e r t i c a l  f o l d  on t h e  m i d - a x i l l a r y  l i n e  a t  
t h e  n i p p l e  l e v e l .
T r ic e p s  -  a v e r t i c a l  f o l d  on t h e  back o f  t h e  upper  arm 
between t h e  acromion p r o c e s s  o f  t h e  s h o u ld e r  and elbow.
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TRUNK FLEXION:
F l e x i b i l i t y  was a s s e s s e d  us ing t h e  p roce du re s  d e s c r i b e d  by 
Golding e t  a l .  (1982) .
1. S ub je c t s  warmed-up wi th  s t r e t c h i n g  e x e r c i s e s  b e fo re  t e s t i n g .
2. A p o r t a b l e  s i t - a n d - r e a c h  board was used f o r  m easur ing .
3.  S u b je c t s  s a t  on t h e  board wi th  l e g s  ex tended  p a r a l l e l  t o  t h e  
measuring s c a l e ,  h e e l s  r e s t i n g  on a s p e c i f i e d  a r e a .
4.  S ub je c t s  s lowly  f l e x e d  th e  s p in e  and h ip s  wh i le  r e a c h in g  
forward  wi th  both hands as  f a r  as  p o s s i b l e .  Hands
remained p a r a l l e l ,  l e g s  s t r a i g h t ,  and f i n g e r  t i p s  in  c o n t a c t
wi th  t h e  measur ing  s c a l e .
5. A sco re  o f  t h e  most d i s t a n t  p o in t  reached wi th  t h e  f i n g e r  
t i p s  was r ec o rde d  in  inches  on t h e  d a t a  c o l l e c t i o n  s h e e t  
(see  Appendix D). The b e s t  o f  t h r e e  t r i a l s  was used.
MUSCULAR STRENGTH AND ENDURANCE;
Muscular  endurance  was measured wi th  a one-m inu te  t imed s i t - u p  
t e s t .  S u b j e c t s  l a y  sup ine  on a mat ,  knees f l e x e d  a t  90 d e g r e e s ,  h e e l s  
a p ro x i m a t e ly  12 t o  18 inches  from th e  b u t t o c k s .  Both hands were 
f i r m l y  c la s p e d  behind  t h e  back o f  t h e  head ,  and f e e t  he ld  down. One 
s i t - u p  was counted  as  s u b j e c t s  touched  t h e  o p p o s i t e  elbow t o  knee.  
Total  number completed in  one minute  was rec o rde d  as  t h e  s c o re  on t h e  
d a t a  c o l l e c t i o n  s h e e t  ( s e e  Appendix D).
Upper body s t r e n g t h  and endurance  was measured w i th  a bench
p r e s s .  S u b je c t s  l a y  sup in e  on an 18" bench wi th  knees bent  and f e e t
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on t h e  f l o o r .  A 35 l b .  ( female )  o r  30 l b .  (male)  b a r b e l l  was used.  
Rhythm was kep t  by a metronome s e t  a t  60 b e a t s  pe r  m inu te ,  each c l i c k  
r e p r e s e n t i n g  a movement up or  down. S u b j e c t s  p r e s s e d  t h e  b a rb e l l  
upward t o  f u l l y  ex tend  t h e  elbow and r e t u r n e d  t o  t h e  o r i g i n a l  p o s i t i o n  
a f t e r  each e x t e n s i o n .  The number o f  r e p e t i t i o n s  completed was 
r e c o rd e d  on t h e  d a ta  c o l l e c t i o n  s h e e t  ( see  Appendix D).
CARDIORESPIRATORY FITNESS:
A submaximal e rgom ete r  t e s t  was used t o  a s s e s s  c a r d i o ­
r e s p i r a t o r y  f i t n e s s  (G old ing ,  e t  a l .  1982) .  Th is  t e s t  p r e d i c t s  
maximal oxygen consumption and maximal phys ica l  working c a p a c i t y .  A
Monark b i c y c l e  e rg o m e te r ,  metronome, s to p w a tc h ,  and ECG were used f o r
t h e  t e s t .  The p rocedures  were as  f o l l o w s :
1. The t e s t i n g  p ro ce d u re s  were e x p la in e d  t o  t h e  s u b j e c t .
2 . C a l i b r a t i o n  o f  t h e  Monark e rgom ete r  was checked and s e a t  
h e ig h t  a d j u s t e d  so t h e  knee was s t r a i g h t  in  t h e  down 
p o s i t i o n .
3 .  A metronome was s e t  t o  produce a p e d a l l i n g  r a t e  o f  50 rpm.
4 .  A CM lead  was used t o  r ec o rd  h e a r t  r a t e .
5.  S u b je c t s  p e d a l l e d  w i th o u t  r e s i s t a n c e  t o  warm-up and become 
accustomed t o  t h e  p e d a l l i n g  r a t e .
6 .  The i n i t i a l  workload was s e t  a t  .5  KP (150 kgm) ( see
Appendix E) .  Hear t  r a t e  was t ake n  a t  t h e  2nd and 3rd
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m in u tes ;  s t e a d y  s t a t e  was assumed i f  l e s s  than  5 bpm 
e x i s t e d .
7.  The second workload was s e t  based on t h e  h e a r t  r a t e  
o b t a in e d  du r in g  t h e  f i r s t  workload.  The workload was 
i n c r e a s e d  ac co rd ing  t o  t h e  workload gu ide  ( se e
Appendix E) .  The h e a r t  r a t e  was r ec o rde d  a f t e r  t h e  second 
and t h i r d  m inu tes .
8 .  A t h i r d  workload was s e t  on ly  i f  t h e  f i r s t  workload d id  not  
e l i c i t  a h e a r t  r a t e  o f  more than  110 bpm.
9. S u b je c t s  coo led  down by p e d a l in g  a t  no r e s i s t a n c e .
On com ple t ion  of  t h e  t e s t ,  t h e  f o l l o w i n g  r e g r e s s i o n  e q u a t io n  was 
used t o  p r e d i c t  maximum workload and V02:
Slope = (HR2 -  HR1) /  (WL2 -  WL1)
Y I n t e r c e p t  = HR2 -  (Slope  X WL2)
P r e d i c t e d  Max PWC (kgm) = [ ( 2 2 0 - a g e )  -  Y i n t e r c e p t )  /  Slope]
P r e d ic t e d  Max V02 (1/m) = [ Max PWC X 0.0022564)  + .26156 ]
where HR1 = h e a r t  r a t e  a t  t h e  f i r s t  work load ;
HR2 = h e a r t  r a t e  a t  t h e  second workload;
WL1 = f i r s t  workload used;
WL2 = second workload used .
BLOOD GLUCOSE:
Pre and pos t  e x e r c i s e  blood g lucose  was measured d a i l y  f o r  t h e  
d i a b e t i c  group and on t h r e e  c o n s e c u t iv e  e x e r c i s e  s e s s i o n s  f o r  t h e  
c o n t r o l  group.  Measurements were made in  t h e  Diascan-S  and Accu-Check 
I I  blood g lu co s e  meter  us ing  a f i n g e r  p r i c k  w i th  d i s p o s a b l e ,  s t e r i l e
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l a n c e t  ( s e e  Appendix E) .  The Oiascan m ete r  has a c o r r e l a t i o n  
c o e f f i c i e n t  t o  l a b o r a t o r y  methods o f  .99 R. The s t a n d a r d  d e v i a t i o n  of  
r e l i a b i l i t y  i s  + 3.344 m g /d l . The Accu-Check I I  bG t e s t  s t r i p  has a 
c o r r e l a t i o n  c o e f f i c i e n t  t o  l a b o r a t o r y  methods o f  .978 R, and t h e  
s t a n d a r d  d e v i a t i o n  o f  r e l i a b i l i t y  i s  + 1 .8  mg/d l .
EXERCISE SESSIONS:
The groups t r a i n e d  f o r  12 weeks,  t h r e e  t im es  a week. The 
d u r a t i o n  o f  each t r a i n i n g  s e s s i o n  was 50 m in u t e s ,  s t a r t i n g  w i th  8 t o  
10 m in u tes  warm-up o f  l i g h t  s t r e t c h i n g  e x e r c i s e s  f o r  a l l  p a r t s  o f  t h e  
body. The s e s s i o n  c o n t in u e d  wi th  15 t o  25 m in u tes  o f  a e r o b i c  a c t i v i t y  
a t  60 t o  75% o f  t h e  i n d i v i d u a l  maximum h e a r t  r a t e .  C a l i s t h e n i c s  were
i n c lu d e d  f o r  10 t o  12 min t o  i n c r e a s e  muscular  s t r e n g t h  and
endu rance .  A s h o r t  cool-down p e r io d  fo l lowed  ( s e e  Appendix C).
Heart  r a t e s  were i n d i v i d u a l l y  monito red  t h r e e  t im e s  ( b e g i n n i n g ,  
middle  and end) du r in g  t h e  a e r o b i c  p o r t i o n  u s ing  a 30 sec pu l se  
check .  To l o c a t e  p u l s e ,  s u b j e c t s  were i n s t r u c t e d  t o  p l a c e  t h e  f i r s t  
two f i n g e r s  on t h e  s id e  o f  t h e  neck ( c a r o t i d  p u l s e )  o r  ove r  t h e  
c a r o t i d  a r t e r y .  T r a in i n g  h e a r t  r a t e s  were c a l c u l a t e d  us ing  t h e  
Karvonen formula ( s e e  Appendix E) .  The Karvonen formula  has  an e r r o r  
o f  + 5 t o  10 bpm (Lamb, 1984) and i s  recommended by t h e  American 
C o l l ege  o f  S p o r t s  Medicine (ACSM, 1986) .  P a r t i c i p a n t s  were t a u g h t  t o  
a d j u s t  t h e i r  e x e r c i s e  i n t e n s i t y  based on th e  second h e a r t  r a t e  check .
I f  t h e y  were a t  t h e i r  t r a i n i n g  h e a r t  r a t e ,  e x e r c i s e  p r o g re s s e d  with
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t h e  i n s t r u c t o r .  P a t i e n t s  were a l s o  t a u g h t  t o  m on i to r  e x e r c i s e  
i n t e n s i t y  u s ing  a r a t i n g  o f  p e rc e iv e d  e x e r t i o n  (Appendix E) .  S u b j e c t s  
were asked t o  m a i n t a i n  a r a t i n g  o f  13 t o  14 on a s c a l e  o f  6 t o  20, 
w i th  7 be in g  v e r y ,  ve ry  l i g h t  t o  19 be ing  v e r y ,  ve ry  h a rd .  S u b j e c t ' s  
wi th  a h e a r t  r a t e  above recommended t r a i n i n g  were d i r e c t e d  t o  walk 
u n t i l  t h e i r  t r a i n i n g  h e a r t  r a t e  was assumed.
STATISTICAL METHODOLOGY;
U n i v a r i a t e  F t e s t s  ( . 0 5  a lp h a )  in  a one-way a n a l y s i s  o f  v a r i a n c e  
were used t o  d e te r m in e  d i f f e r e n c e s  between t h e  g r o u p ' s  measures  o f  
ph y s ic a l  f i t n e s s  a f t e r  t r a i n i n g .  Dependent ,  c o r r e l a t e d  t - t e s t s  were 
used t o  compare t h e  combined g r o u p ' s  pr e  t o  p os t  f i t n e s s  t e s t i n g  
r e s u l t s .  The s i g n i f i c a n c e  o f  t h e  t e s t  dependen t  t - t e s t  was t o  
de te r m in e  i f  t h e  e x e r c i s e  program improved t h e  p a r t i c i p a n t ' s  p h ys ic a l  
f i t n e s s  i r r e s p e c t i v e  o f  group .  Since  e le v e n  a r e a s  o f  f i t n e s s  t e s t i n g  
were i n v o lv e d ,  t h e  a lpha  was ve ry  c o n s e r v a t i v e l y  s e t  a t  .005 
( . 0 5 / 1 1 ) .  Th is  y i e l d s  a p r o b a b i l i t y  o f  f i n d i n g  no ty p e  I e r r o r s  a t  57 
p e r c e n t .
Pre  and pos t  e x e r c i s e  mean blood g lu c o s e  va lu e s  were compared 
w i t h in  and between t h e  groups u s ing  a u n i v a r i a t e  F t e s t  in  a two by 
two r e p e a t e d  measures  m u l t i p l e  r e g r e s s i o n  d e s ig n .  The m u l t i p l e  
r e g r e s s i o n  was used due t o  t h e  r e p e a t e d  measures  o f  blood g lu co s e  
be in g  s t a t i s t i c a l l y  compared in  an unbalanced  d e s ig n  (Hays,  1988) .  
Tukey HSD Pos t  Hoc t e s t s ,  us ing  t h e  s t u d e n t i z e d  q s t a t i s t i c ,  were 
conduc ted  t o  d e te rm in e  which p a i r s  o f  means d i f f e r e d  in  t h e  r e p e a te d  




CHARACTERISTIC DIFFERENCES IN THE GROUP
Demographic d a t a  o f  d i a b e t i c  and n o n d i a b e t i c  s u b j e c t s  a re  
p r e s e n t e d  in  Table  2. The d i a b e t i c  group ranged in  age from 52 t o  67 
y e a r s  (mean age f o r  males o f  59 .5  y e a r s  and f o r  f emales  o f  57.3 
y e a r s ) .  The n o n d i a b e t i c  s u b j e c t s  were a l l  female  w i th  a mean age o f  
38 .6  y e a r s .  Since t h e  n o n d i a b e t i c s  were y o u n g e r ,  age l i m i t e d  
i n f e r e n c e s  from t h e  s t u d y ,  and s in c e  t h e  number o f  n o n d i a b e t i c  
s u b j e c t s  was s m a l l ,  younger  s u b j e c t s  cou ld  not  be e l i m i n a t e d .
N o n d ia b e t i c s  had a h i g h e r  mean body w e i g h t ,  a h i g h e r  p e rc e n t  body 
f a t ,  and a h i g h e r  l ean  body weight  than  d i a b e t i c  s u b j e c t s .  Excluding 
t h e  d i a b e t i c  m a le s ,  fem ale  d i a b e t i c s  had 2 p e rc e n t  h i g h e r  (39.1 
p e r c e n t  v s .  37 .0  p e r c e n t )  p e r c e n t  body f a t  th a n  n o n d i a b e t i c  f em a le s ,  
( s e e  Table  3 f o r  d e s c r i p t i v e  d a ta  on body c o m p o s i t i o n ) .
P r e - e x e r c i s e  f i t n e s s  t e s t i n g  s c o r e s  o f  t h e  d i a b e t i c  and 
n o n d i a b e t i c  s u b j e c t s  a r e  p r e s e n t e d  in  Table  4 .  Nond iabe t i c  s u b j e c t s  
s c o re d  h ig h e r  than  d i a b e t i c  s u b j e c t s  on a l l  i tems  measured in t h e  
i n i t i a l  p h ys ic a l  f i t n e s s  t e s t  excep t  f o r  t h e  bench p r e s s  and body 
c o m p o s i t i o n .  The bench p r e s s  s c o re s  between groups were comparab le ,  
t h e y  d i f f e r e d  by .8  r e p e t i t i o n s .  Excluding body c o m p o s i t i o n ,  t h e  
n o n d i a b e t i c  s u b j e c t s  were c ons ide red  t o  be t h e  f i t t e r  o f  t h e  two. 
I n i t i a l  a e r o b i c  f i t n e s s  ( p r e d i c t e d  maximum V02) was poor  in  both
Table 2
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Demographic da ta  o f  d i a b e t i c  and n o n - d i a b e t i c  s u b j e c t s  p a r t i c i p a t i n g  
in  a 12 week p h ys ic a l  c o n d i t i o n i n g  program.
DIABETIC
Subj Sex Age Height  
(.yrs) (cm)
Weight











1 F 62 157 154 37.5 80 128/75 33.4 55%
2 F 56 165 179 40 .0 78 140/82 15.9 53%
_3 _F 54 163 186 39 .8 72 122/84 15.3 86%
X 57.3 163.3 173.0 39.1 76.6 130/80.3 21.5 64 .7
SD+ 3 .4 4 .6 13.7 1.1 3 .4 7 . 5 / 3 . 8 8 .4 15.1
4 M 67 180 172 27.5 74 124/70 24.9 94
_5 J ! 52 162 157 28.6 80 147/90 22.8 75
X 59.5 171 164.5 23.1 77 135 .5 /80 23.8 84 .5
SD+ 7 .5 9 7 .5 0 .6 3 11 .5 /10 1.1 9 .5
Combined X 54.8 166.4 169.6 34.7 76 .8 132 .7 /80 22.5 74 .6
SD+ 5.4 7 .7 13.8 6.1 3 .6 9 . 5 / 6 . 9 7 .4 12.3
NON-DIABETIC
6 F 38 163 247.8 40 .6 90 147/96 16.4 66
7 F 33 170 182.0 38.3 79 120/65 23.8 94
8 F 65 160 178.7 37 .5 73 148/79 19.6 100
9 F 34 172 150.3 30 .2 75 95/67 27.8 88
10 F 18 162 196.9 39 .2 93 95/88 22.9 69
11 F 38 164 131.2 30 .4 70 100/73 38.5 86
12 F 63 163 203.0 41 .9 88 128/86 16.6 69
13 F 20 164 176.0 37 .8 84 127/67 27.5 66
X 38.6 164.8 183.2 37.0 81 .5 120/77 .6 24.1 79 .8
SD+ 16.3 3 .8 32 .8 4 .1 8 .0 2 0 .2 / 1 0 .7 6 .8 12.9
gro u p s .  The mean e s t i m a t e d  maximum V02 was 1.7  l i t e r s  (22 .5  
m l /k g /m in . )  in  t h e  d i a b e t i c  group and 1.9 l i t e r s  (24 .3  m l /k g /m in . )  in 
t h e  n o n d i a b e t i c  group.  Low a e ro b ic  f i t n e s s  may be a t t r i b u t e d  t o  
c o m p l i c a t io n s  o f  t h e  c a r d i o v a s c u l a r  system t h a t  have been noted wi th  
t y p e  II  d i a b e t e s  and o f t e n  a s s o c i a t e d  with o b e s i t y .  These 
c o m p l i c a t io n s  i n c lu d e  an e l e v a t e d  r e s t i n g  h e a r t  r a t e ,  de c re a s ed  oxygen 
t r a n s p o r t ,  reduced p e r i p h e r a l  blood f low ,  and a reduced p o t e n t i a l  f o r  
a c h i e v in g  maximal oxygen consumption ( J o s l i n ,  1985) .  Others  have a l s o  
r e p o r t e d  t h a t  d i a b e t i c s  do not  perform as  well  as  n o n d i a b e t i c s  o f  
s i m i l a r  a g e ,  s e x ,  and body s i z e  when t e s t e d  f o r  t h e  a b i l i t y  t o  
e x e r c i s e  ( D e v l in ,  1986) (McMillan,  1979) ( D i t z e l , 1976) .  D i a b e t i c s  
were found t o  have,  on t h e  a v e r a g e ,  a lower maximum h e a r t  r a t e ,  lower  
c a r d i a c  ou tp u t  a t  maximum l e v e l s ,  and i n c r e a s e d  blood p r e s s u r e  du r ing  
e x e r c i s e  (McMillan,  1979) .  This  s u g g e s t s  t h a t  d i a b e t i c s  a r e  i n c a p a b le  
o f  a c h i e v in g  a performance  l e v e l  comparable  t o  n o n d i a b e t i c s  due t o  
t h e i r  m e t a b o l i c  i n e f f i c i e n c y .  The i n i t i a l  f i t n e s s  l eve l  o f  d i a b e t i c  
s u b j e c t s  in t h i s  s tudy  a r e  in  keeping  wi th  p r e v io u s  r e s e a r c h .  F i t n e s s  
t e s t i n g  r e s u l t s  from t r a i n i n g  w i l l  be d i s c u s s e d  l a t e r .
I n i t i a l  r e s t i n g  blood p r e s s u r e s  (RBP) f o r  bo th  groups were 
comparab le  (130 /80 .3  mmHg f o r  d i a b e t i c  fem ale s  and 135 .5 /80  mmHg f o r  
d i a b e t i c  males v s .  1 20 /77 .6  mmHg f o r  n o n d i a b e t i c s ) .  Blood p r e s s u r e  
measurements  were used t o  s c re e n  s u b j e c t ' s  p r i o r  t o  f u r t h e r  t e s t i n g  
and were not  in c lu d e d  as p a r t  o f  t h e  s t a t i s t i c a l  a n a l y s i s  between th e  
g roups .  I f  i n i t i a l  RBP was h ig h e r  than  160/100 mmHg, p a r t i c i p a t i o n  in 
t h e  e x e r c i s e  program was p r o h i b i t e d .  YMCArdic t h e r a p y  recommends t h a t  
a pe rson shou ld  not  begin e x e r c i s e  i f  r e s t i n g  blood p r e s s u r e  i s
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h i g h e r  t h a n  160/100 mmHg (Golding e t  a l . ,  1982) .
When comparing a t t e n d a n c e ,  t h e  d i a b e t i c  group ave raged  72.6  
p e rc e n t  a t t e n d a n c e ,  and t h e  n o n d i a b e t i c  group averaged  79 .8  p e r c e n t .  
This  7 . 2  p e r c e n t  d i f f e r e n c e  was unavo idab le  s i n c e  i t  was a v o lu n ta r y  
program and a t t e n d a n c e  could not  be mandated.
MEASUREMENTS OF PHYSICAL FITNESS
Changes in R e s t in g  Hear t  Rate
Using a c o r r e l a t e d  t - t e s t ,  combined group changes in  r e s t i n g  
h e a r t  r a t e  were t e s t e d .  Pre  and p os t  t r a i n i n g  d a t a  a r e  p r e s e n t e d  in  
Tab les  4 and 5.  There was no s i g n i f i c a n t  d i f f e r e n c e  ( t (12)  = 2.96 
p > .005)  between t h e  mean p r e -  t r a i n i n g  and p o s t  t r a i n i n g  r e s t i n g  
h e a r t  r a t e .  (See f i g u r e s  1 and 2 ) .  Data in F ig u re  1 d e p i c t s  a 
n o n s i g n i f i c a n t  d e c r e a s e  o f  3 . 8  p e r c e n t .  These f i n d i n g s  a r e  in 
acco rdance  wi th  p rev io u s  r e s e a r c h .  ( S in y o r ,  1986) (Kahn, 1986) .
Using a u n i v a r i a t e  t e s t  o f  s i g n i f i c a n c e  in  a one-way a n a l y s i s  o f  
v a r i a n c e ,  s u b j e c t s  were t e s t e d  f o r  group d i f f e r e n c e s  between th e  
change in  r e s t i n g  h e a r t  r a t e  a f t e r  t r a i n i n g .  There was no s i g n f i c a n t  
d i f f e r e n c e  between t h e  g roups '  change in  pre  t o  pos t  t r a i n i n g  r e s t i n g  
h e a r t  r a t e  ( £  (1 ,1 1 )  = 2 . 1 0 ,  p > .0 5 ) .  I n d iv id u a l  group d a t a  a re  
p r e s e n t e d  in  Tab les  4 and 5. N o n s i g n i f i c a n t  d i f f e r e n c e s  in  r e s t i n g  
h e a r t  r a t e  a f t e r  t r a i n i n g  has been p r e v i o u s l y  r e p o r t e d ,  a l t hough  
c o n f l i c t i n g  o p in io n s  remain .  ( S in y o r ,  1986) (H ayash i ,  1987) (Kahn, 
1986) .
S inyor  (1986) found no s i g n i f i c a n t  d e c r e a s e s  in  r e s t i n g  h e a r t  



























l i f t i n g )  o r  t o  a c o n t r o l  group t r a i n i n g  f o r  10 weeks.  Es t im a ted  V02
Max, however ,  i n c r e a s e d  in  t h e  a e r o b i c a l l y  t r a i n e d  group from 39 .6  +
-1 -1 -1 -1 
ml.kg  min t o  45 .4  + 1 .5  ml.kg  min . T r a in in g  i n t e n s i t y  and
d u r a t i o n  o f  t h e  e x e r c i s e  program may not  have been a t  t h e  l e v e l
r e q u i r e d  t o  produce  a s i g n i f i c a n t  change in r e s t i n g  h e a r t  r a t e  bu t  was
a p p a r e n t l y  enough t o  i n c r e a s e  maximum V02.
Hayashi  (1987) ,  however,  found t h a t  one y e a r  o f  e x e r c i s e  ( jo g g in g  
5 days /week)  s i g n i f i c a n t l y  d e c r e a s e s  r e s t i n g  h e a r t  r a t e  in  obese 
c h i l d r e n  a f t e r  3 months and 12 months o f  t r a i n i n g ,  bu t  f u r t h e r  
improvements were not  found a f t e r  c o n t inue d  t r a i n i n g  f o r  two y e a r s .
I t  i s  s u g g e s t e d  t h a t  an a d a p t a t i o n  t o  t r a i n i n g  d id  not  a l low  f o r  
f u r t h e r  d e c r e a s e s  in  r e s t i n g  h e a r t  r a t e ,  but  t h e  i n i t i a l  d e c r e a s e  was 
due t o  improvements in  a e r o b i c  f i t n e s s .  H a y a s h i ' s  r e s e a r c h  i s  l i m i t e d  
t o  obese c h i l d r e n  and was not  c o r r e l a t e d  t o  an o b e s e ,  t y p e  I I  d i a b e t i c  
p o p u l a t i o n ,  t h e r e f o r e ,  no c o r r e l a t i o n  can be made. A d d i t i o n a l l y ,  
H a y a s k i ' s  s u b j e c t s  t r a i n e d  f i v e  days pe r  week. T r a in i n g  t h r e e  days 
p e r  week might  have a l t e r e d  t h e  r e s u l t s .
Due t o  t h e  m e t a b o l i c  d i s o r d e r ,  d i a b e t i c ' s  must be t r e a t e d  as  a 
s p e c i a l  p o p u l a t i o n  when a n a ly z in g  f i t n e s s  t e s t i n g  r e s u l t s .  Kahn 
(1986) s u g g e s t s  t h a t  impairment  o f  t h e  autonomic nervous  sys tem ,  
commonly found in  t y p e  I I  p a t i e n t s ,  p r e v e n t s  a normal h e a r t  r a t e  
r e s p o n s e  in NIDDM p a t i e n t s .  Kahn found female d i a b e t i c s  and p a t i e n t s  
wi th  autonomic neu ropa thy  t o  have a h ig h e r  a ve rage  r e s t i n g  h e a r t  r a t e  
and lower maximal h e a r t  r a t e  r e s p o n s e  du r ing  submaximal e rgom ete r  
t e s t i n g  t h a n  normal c o n t r o l s .  No r e p o r t  was made on d i a b e t i c  males o r  
on s u b j e c t ' s  p a r t i c i p a t i n g  in  a t r a i n i n g  program. Th is  s u g g e s t s
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t h a t  t h e  p re se nc e  and s e v e r i t y  o f  d i a b e t i c  c o m p l i c a t io n s  de te rm ine  t h e  
c a r d i o v a s c u l a r  re sponse  t o  e x e r c i s e .
P re v ious  r e s e a r c h  ( K r o t k i e w s k i , 1978 -  1983) documenting r e s t i n g  
h e a r t  r a t e  r e sponse  in  obese and d i a b e t i c  i n d i v i d u a l s  a r e  no t  in 
agreement  wi th  t h e  p r e s e n t  s tu d y .  Krotkiewski  t r a i n e d  se v e r a l  groups 
o f  obese  p a t i e n t s  w i th  i n c r e a s i n g  d e g re e s  o f  g lu co s e  i n t o l e r a n c e  and 
ty p e  II  d i a b e t i c s  us ing  a dynamic endurance  i n t e r v a l  program (55 
min/week,  3 t im es /week)  f o r  t h r e e  t o  s i x  months. A f t e r  s i x  months ,  
t r a i n i n g  r e s u l t e d  in s i g n i f i c a n t  (p <.05)  d e c r e a s e s  in  r e s t i n g  h e a r t  
r a t e ,  e x e r c i s e  h e a r t  r a t e  a t  submaximal work loads ,  and r e s t i n g  blood 
p r e s s u r e ,  in  a d d i t i o n  t o  s i g n i f i c a n t  i n c r e a s e s  in  maximum oxygen 
up take  f o r  a l l  g roups s t u d i e d .  Kro tk iewski  conc luded  o b e s i t y  and 
d i a b e t e s ,  as well  as  p r o g r e s s i v e  derangement  o f  g lu c o s e  m etabo l i sm ,  do 
not  a l t e r  normal p h y s i o l o g i c a l  c a r d i o v a s c u l a r  a d a p t a t i o n  t o  phys ica l  
t r a i n i n g .  The s tudy  was conducted  over  a p e r io d  o f  24 weeks,  tw ice  
t h e  d u r a t i o n  o f  t h i s  s t u d y ,  a l t h o u g h ,  i t  has not  y e t  been i d e n t i f i e d  
how long obese or  t y p e  II  d i a b e t i c s  need t o  be on an e x e r c i s e  program 
t o  produce a s i g n i f i c a n t  change in  r e s t i n g  h e a r t .
Caron e t  a l . (1984) a l s o  found a s i g n i f i c a n t  d e c r e a s e  in  r e s t i n g  
h e a r t  r a t e  (65 .1  + 3 .9  bpm t o  58 .0  + .29)  in s i x  h e a l t h y  women a f t e r  
an i n d i v i d u a l  f o u r  week a e r o b i c  t r a i n i n g  program (mean e x e r c i s e  t im e  
o f  224.6 + 63 m in . /w e e k ) .  Caron d id  not  s tudy  obese  i n d i v i d u a l s  o r  
pe rsons  wi th  a m e ta b o l i c  d i s o r d e r  bu t  r e p o r t e d  t h a t  a e r o b i c  t r a i n i n g  
can s i g n i f i c a n t l y  d e c re a s e  r e s t i n g  h e a r t  r a t e  in  normal i n d i v i d u a l s .  
J e t t e  (1984) s u g g e s t s  d i a b e t i c  s u b j e c t s  compared wi th  n o n d i a b e t i c s  
show d i f f e r e n c e s  in  h e a r t  r a t e  r e sponse  a f t e r  t r a i n i n g ,  t h e r e f o r e ,
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d i a b e t i c s  may or  may not  show a s i g n i f i c a n t  change in  r e s t i n g  h e a r t  
r a t e  a f t e r  t r a i n i n g .  This  s tudy  found no s i g n i f i c a n t  change in 
r e s t i n g  h e a r t  r a t e  from e i t h e r  g roup ,  a l t h o u g h  a s l i g h t  d e c r e a s e  was 
observed f o r  both g roups ,  ( see  t h e  t r e n d  a n a l y s i s  in  F igu re  2 ) .
A normal r e s t i n g  h e a r t  r a t e  ranges  from 40 b e a t s  pe r  minute  t o  
g r e a t e r  than  90 b e a t s  pe r  m inu te ,  w i th  an average  r a t e  o f  72 bpm 
(Gold in g ,  e t  a l . 1982) .  The mean r e s t i n g  h e a r t  r a t e  f o r  s u b j e c t s  in 
t h i s  s tudy  was 79 .7  bpm b e fo r e  t r a i n i n g  and 75 .7  a f t e r  t r a i n i n g ,  bo th  
va lu e s  in  t h e  normal r ange .  Endurance t r a i n i n g  in some a sy m p to t i c  
i n d i v i d u a l s  may lead  t o  a r e d u c t i o n  in  both r e s t i n g  and e x e r c i s e  h e a r t  
r a t e ,  a l though  t h e  mechanisms u n d e r ly in g  t h e s e  e f f e c t s  a r e  not  c l e a r  
(Astrand  and R o d a h l , 1986) .  Three d i a b e t i c  s u b j e c t s  and two 
n o n d i a b e t i c  s u b j e c t s  in t h i s  s tudy  were on blood p r e s s u r e  m e d i c a t i o n ,  
which i s  known t o  a l t e r  normal r e s t i n g ,  e x e r c i s e ,  and r ec o v e r y  h e a r t  
r a t e  r es p o n s e s  t o  t r a i n i n g  (American C o l l ege  o f  Spor t s  M edic ine,
1986) .  Exclud ing t h e s e  s u b j e c t s  d id  not  a l t e r  t h e  r e s u l t s .
Changes in  Body Weight and P e rce n t  Fat
Using a c o r r e l a t e d  t - t e s t ,  combined groups were t e s t e d  f o r  pre  t o  
p os t  changes in  body weight  and p e rc e n t  o f  body f a t .  I n d iv id u a l  group 
d a t a  a r e  p r e s e n t e d  in  Tab le  3 .  Combined group d a t a  a r e  p r e s e n t e d  in 
Tab les  4 and 5. No s i g n i f i c a n t  d i f f e r e n c e s  in  p re  and p o s t  t r a i n i n g  
body weight  were found (jt (12)  = 2 .0 4 ,  p > .0 0 5 ) .  This  i n d i c a t e d  12 
weeks o f  e x e r c i s e  had no s i g n i f i c a n t  e f f e c t  on body w e ig h t .  The 
change in  p e r c e n t  body f a t  was a l s o  n o n s i g n i f i c a n t  (It (12)  = 2 .1 2 ,
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Table 3
D e s c r i p t i v e  body com pos i t ion  s t a t i s t i c s  o f  d i a b e t i c  and n o n - d i a b e t i c  
s u b j e c t s  p r e - e x e r c i s e  we igh t  ( l b s ) ,  % f a t ,  l e a n  body weight  (LBW), 
goal w e ig h t ,  and c a l c u l a t e d  p e r c e n t  over  goal  w e ig h t .
DIABETIC SUBJECTS
Subj Height Weight % Fat LBW Goal D i f f e r e n c e % Over
LH (F) 157 154 37.5 95.9 118.4 35.6 30 .0
ML (F) 165 179 40 .0 107.4 132.6 46 .4 35 .0
SS (F) 168 186 39 .8 112.0 138.2 47 .8 34 .6
HD (M) 180 172 27.5 124.0 147.6 24.4 16 .5
AS (M) 162 157 28.6 112.1 133.4 23.6 17.7
X 166.4 169.6 34.7 110.3 134.0 35 .6 26.8
SD 7.7 13.8 6.1 10.1 9 .5 10.3 8.1
NON-DIABETIC SUBJECTS
Subj Height Weight % Fat LBW Goal D i f f e r e n c e  % Over
MF (F) 163 247 40.6 147.1 181.6 65 .4 36 .0
RG (F) 170 182 38.3 112.1 138.4 43 .6 31 .5
FL (F) 160 178 37.5 111.5 137.6 40 .4 29.4
AM (F) 172 150 30.2 104.7 129.2 20.8 16.1
SN (F) 162 196 39 .2 119.5 147.5 48 .5 32 .9
SO (F) 164 131 30.4 90.5 111.7 19.3 17.3
RR (F) 163 201 41 .9 116.8 144 .2 56 .8 39 .4
PS (F) 164 176 37.8 109.5 135.2 40 .8 30 .2
X 164.8 182.6 37 .0 114.0 140.7 41 .9 29.1
SD 3 .8 32 .5 4 .1 15.0 18.5 14.9 7 .8
NOTE: (M) = Male (F) = Female
Table 4
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Pre e x e r c i s e  f i t n e s s  l e v e l s  o f  d i a b e t i c  and n o n - d i a b e t i c  s u b j e c t s  









STEP FLEX SITUP BENCH 
(bpm) ( i n )  ( r e p s )





F 80 70.0 37.5 132 16 0 25 916 13.15 2.3 33 .4
F 78 81 .2 40 .0 140 12 4 17 495 6.1 1.37 15.9
F 72 8 4 .5 3 9 .8 145 5 .0 6 2 500 5 .9 1.3 15.3
M 74 78.18 27.5 109 7 .5 0 2 750 5 .6 1.95 24.9
M 80 71.36 28.6 124 12 14 30 700 9.7 1.6 22 .8
X 76.8 77.0 34.7 130.0 10.5 4 .8 15.2 672. 0 8 .9 1.7 22.5





















F 90 112.4 40.6 15.5 23 25 700 6 .2 1.84 16.4
F 79 82 .6 38.3 121 18 30 10 831 10.1 2 .0 23 .8
F 73 81.1 37 .5 — 18.5 23 6 647 8 .0 1 .6 19.6
F 75 68.2 30 .2 121 16 25 12 795 11.7 1.9 27.8
F 93 89 .3 3 9 .2 130 21 24 17 791 8.85 2.04 22.9
F 70 59.5 30.4 113 22.5 14 13 900 15.1 2.29 38 .5
F 88 92.1 41 .9 — 13 10 8 600 6 .7 1 .5 16.6
F 84 79.8 37.8 151 20 20 25 829 10.71 2.13 27.5
X 81. 5 83.1 37.0 127.2 18.1 21.1 14.5 763. 9 9.73 1.9 24.1
SD+ 8. 0 14.9 4 .1 13.1 2 .9 6 .0 6 .8 104. 4 2 .90 0 .3 6 .8
COMBINED 3ROUP MEANS
X 79. 7 80 .8 36.1 128.6 15.2 14.8 14.8 727. 2 9.37 1.83 23.5
SD+ 6. 9 12.5 4 .8 13.0 5 .0 9 .8 8 .9 131. 7 2.73 0 .32 6 .8
Table 5
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Pos t  e x e r c i s e  f i t n e s s  l e v e l s  o f  d i a b e t i c  and n o n - d i a b e t i c  s u b j e c t s  








{ % )  (bpm)
FLEX SITUP BENCH 
( i n )  ( r e p s )





F 81 69.7 34.6  124 16 0 20 1125 16.0 2.55 36 .4
F 80 77.7 39 .8  130 14.2 18 — 692 8 .9 1.7 21.7
F 66 82.1 39 .8  137 9 16 13 675 8 .2 1.6 20.1
M 67 77.7 24 .9  108 13 23 2 726 9.3 1 .9 24 .4
M 82 71.7 27.9  117 12 20 33 916 12.7 2.32 32 .4
X 75.4 75 .8 3 3 .2  123. 2 12.8 15 .4  17 827 11.0 2 .0 27.0
SD+ 7.7 4 .5 5 .9  10. 1 2 .3  8 .0  11 
NON-DIABETIC
172 2.9 0 .4 7.1
SEX RHR WEIGHT FAT STEP FLEX SITUP BENCH PWC PWC V02 V02 
ml .kg'1 
min.1
(bpm) (kg) (%) (bpm) ( in ) ( r e p s ) KGM kgm/kg 1/m
F 78 109.3 4 1 .2  141 17 22 38 1100 10.1 2 .5 22 .9
F 70 77.1 27 .6  109 20 36 16 920 11.9 2.1 27 .8
F 67 76 .9 3 6 .6  — 18.7 27 18 608 7 .5 1.63 20.1
F 74 72.3 28 .9  107 21.5 35 30 1177 16.25 2.92 40.3
F 84 87 .7 4 0 .5  116 23.5 29 16 1050 11.95 2.64 29 .9
F 70 61.2 29.1  98 22.5 20 25 918 15.0 2 .1 34 .9
F 88 90 .2 41 .9  122 15 17 15 778 8 .6 2.02 22.3
F 78 75.5 29 .6  140 21 27 21 847 11.21 2.17 28 .8
X 76.1 81.3 3 4 .4  119. 0 19.9 26 .6  22 .4 925 11.6 2.26 28.4
SD+ 6 .8 13.5 5 .8  15.3 2.7 
COMBINED
6.3  7 .6  
GROUP MEANS
172. 5 2 .8 0 .3 8 6 .4
X 78.5 79 .2 34 .0  120 .8  17.2 22 .3  20.6 887. 1 11.3 2 .17 27 .8
SD+ 7.0 11.3 6 . 0  13 .5  4 .3 8 .9  9 .3 178.8 2 .8 .39 6 .4
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p > .0 0 5 ) ,  i n d i c a t i n g  12 weeks o f  e x e r c i s e  had no e f f e c t  on body 
c o m p o s i t i o n .  (See F ig u re s  3 t o  6 ) .
Using a u n i v a r i a t e  t e s t  o f  s i g n i f i c a n c e  in a one-way a n a l y s i s  of  
v a r i a n c e ,  s u b j e c t s  were compared f o r  group d i f f e r e n c e s  t h e  changes in  
body weight  and body c om pos i t ion  a f t e r  t r a i n i n g .  No s i g n i f i c a n t  
d i f f e r e n c e  was found between t h e  g r o u p s '  change in  body we igh t  (£
(1 ,11 )  = .0 2 ,  p > .05)  o r  p e r c e n t  body f a t  ( £  ( 1 ,1 1 )  = . 3 9 ,  p > .05)  from 
t r a i n i n g .  Th is  i n d i c a t e d  t h a t  12 weeks o f  ph y s ic a l  t r a i n i n g  d id  not  
produce s i g n i f i c a n t l y  d i f f e r e n t  r e d u c t i o n s  in  we igh t  o r  p e rc e n t  body 
f a t  between t h e  g roups .
Improvements in  ph y s ic a l  f i t n e s s  a f t e r  t r a i n i n g  w i th o u t  
s i g n i f i c a n t  change in  body weight  o r  p e r c e n t  body f a t  were r e p o r t e d  in  
o t h e r  r e s e a r c h  (Nowalk, 1986) .  Nowalk found NIDDM s u b j e c t s  unde rgoing  
e i t h e r  endurance  t r a i n i n g  o r  s t r e n g t h  t r a i n i n g  2x/week f o r  t h r e e  
months d i d  not  show a s i g n i f i c a n t  change body w e ig h t .  A lthough,  when 
t e s t e d  f o r  e s t i m a t e d  V02 Max, phys ic a l  f i t n e s s  was i n c r e a s e d  (26 .2  + 
1.1 m l/kg /m in .  t o  28 .4  + 1 . 0  m l / k g /m in . )  in  bo th  g roups .  S i m i l a r  
f i n d i n g s  were r e p o r t e d  by Krotkiewski  (1985) .
Kro tk iewsk i  (1935)  compared t h e  e f f e c t s  o f  p h ys ic a l  t r a i n i n g  f o r  
t h r e e  t o  s i x  months u s ing  obese s u b j e c t s  w i th  normal g lu co s e  
t o l e r a n c e ,  t y p e  II  d i a b e t i c s ,  and c o n t r o l s  matched f o r  age and body 
w e i g h t .  No s i g n i f i c a n t  changes in  body w e i g h t ,  body c e l l  mass ,  body 
f a t ,  o r  ad ip o s e  t i s s u e  c e l l u l a r i t y  o c c u r r e d  f o r  any group d e s p i t e  
i n c r e a s e s  in  V02 maximum ( 2 .27 + .14 1/min .  t o  2 .59 + .13 1 /m in . )  
a n d / o r  d e c r e a s e d  e x e r c i s e  h e a r t  r a t e  a t  a submaximal work load .
Kukkonen (1982) s t u d i e d  95 obese m id d le-aged  men and women t o
w  a
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f i n d  out  how i n d i v i d u a l l y  p r e s c r i b e d  moderate  p h ys ic a l  t r a i n i n g  
i n f l u e n c e s  a e ro b ic  power ( e s t im a te d  by a submaximal e rgom ete r  t e s t )  
and body w e igh t .  A f t e r  an e x e r c i s e  pe r iod  o f  17 months ,  V02 max 
i n c r e a s e d  14 p e rc e n t  in  men and 11 p e rc e n t  in  women, bu t  t h e  mean 
d e c r e a s e  in body weight  was n o n s i g n i f i c a n t  a t  4 . 8  k i lograms  in men and
3 .3  ki lograms in women. R e s u l t s  documented in  t h e  c u r r e n t  s tudy  a r e  
c o n s i s t e n t  with p rev ious  r e s e a r c h .
Without  d i e t a r y  c o n t r o l ,  body compos i t ion  has r e p o r t e d l y  
( K r o tk i e w s k i ,  1985) (Kukkonen, 1982) been u n a l t e r e d  wi th  phys ica l  
t r a i n i n g  in  o b e s i t y  and ty p e  II  d i a b e t e s ,  in  s p i t e  o f  i n c r e a s e d  
c a r d i o v a s c u l a r  e f f i c i e n c y .  I t  has been documented (Bogardus,  1984) ,  
however , t h a t  s u f f i c i e n t  weight  l o s s  can be ach ieved  du r in g  phys ica l  
t r a i n i n g  when combined wi th  a c a l o r i c  r e s t r i c t e d  d i e t .  Bogardus 
(1984)  r e p o r t e d  a s i g n i f i c a n t  d e c re a s e  in  f a t  f r e e  mass and f a t  we ight  
in  obese t y p e  II  d i a b e t i c  p a t i e n t s  a f t e r  12 weeks o f  p h ys ic a l  t r a i n i n g  
(one hou r ,  t h r e e  t im es /week)  when e x e r c i s e  was combined wi th  a 
h y p o c a lo r i c  d i e t .  Kaplan (1987) r e p o r t e d  s i m i l a r  f i n d i n g s ,  but  was 
c o n t r a d i c t o r y  t o  Wing (1987) .
Wing noted t h a t  obese t y p e  I I  d i a b e t i c s  u s ing  h y p o c a lo r i c  d i e t s  
have d i f f i c u l t y  w i th  we igh t  l o s s  due t o  a lower  r e s t i n g  m e ta b o l i c  r a t e  
induced  wi th  t h e  h y p o c a lo r i c  d i e t .  His r e a s o n s  were s u g g e s t i v e  and 
not  c l e a r l y  d e f in e d  bu t  showed t h a t  overweigh t  t y p e  I I  d i a b e t i c s  l o s t  
l e s s  we ight  than  t h e i r  overw eigh t  n o n d i a b e t i c  spouses  on t h e  same 20- 
week h y p o c a lo r i c  (<1200-1500 k c a l / d a y )  d i e t .  E x e r c i s e  was not  a 
f a c t o r  in  h i s  s tu d y ,  and no c o r r e l a t i o n  f o r  t h e  degree  o f  weight  l o s s
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in  t h e  t y p e  I I  d i a b e t i c  compared t o  an overweigh t  n o n d i a b e t i c  was 
made.
S c h n e id e r  e t  a l . (1984) found n o n s i g n i f i c a n t  weight  l o s s  and body 
f a t  l o s s  in  s e d e n t a r y  t y p e  I I  d i a b e t i c  p a t i e n t s  matched w i th  
overw eigh t  c o n t r o l  s u b j e c t s  on a s i x  week ( t h r e e  t im es /week)  phys ica l  
t r a i n i n g  program. A s i g n i f i c a n t  i n c r e a s e  in  V02 max was r e p o r t e d  
(2.23 _+ .17 t o  2 .62  ±  .2  1 / m i n . ) .
Conc lud ing ,  body weight  and p e rc e n t  body f a t  a r e  r e p o r t e d  t o  
d e c r e a s e  s l i g h t l y  or  remain t h e  same in  obese and t y p e  I I  i n d i v i d u a l s  
a f t e r  p h ys ic a l  t r a i n i n g  w i thou t  d i e t a r y  r e s t r i c t i o n .
Changes in  Recovery H ear t  Rate  from t h e  Step  T es t
Using a c o r r e l a t e d  t - t e s t ,  combined group s u b j e c t s  were t e s t e d  
f o r  changes in  r ec ove ry  h e a r t  r a t e  from p r e -  t o  p o s t  t r a i n i n g .
Combined group d a t a  a re  p r e s e n t e d  in  Tab les  4 and 5. There was a 
s i g n i f i c a n t  d i f f e r e n c e  between t h e  mean pre  and pos t  t r a i n i n g  recovery  
h e a r t  r a t e  ( t  (12) = 7 .50  p C .005) .  This  i n d i c a t e d  t h a t  12 weeks o f  
ph ys ic a l  t r a i n i n g  produced s i g n i f i c a n t l y  lower r ec o v e r y  h e a r t  r a t e s  in 
t h e  s u b j e c t s .  The mean pre  e x e r c i s e  r e c o v e ry  h e a r t  r a t e  (128 .6  b e a t s  
pe r  minu te)  t o  mean pos t  e x e r c i s e  r e c o v e ry  h e a r t  r a t e  (120 .7  b e a t s  per  
minute )  d e p i c t s  a s i g n i f i c a n t  d e c r e a s e  o f  6 .1  p e r c e n t ,  ( s e e  F ig u re s  7 
and 8 ) .
Using a u n i v a r i a t e  t e s t  o f  s i g n i f i c a n c e  in  a one-way a n a l y s i s  o f  
v a r i a n c e ,  s u b j e c t s  were t e s t e d  f o r  group d i f f e r e n c e s  t h e  changes in 
r ec o v e r y  h e a r t  r a t e  from p r e -  t o  pos t  t r a i n i n g .  No s i g n i f i c a n t  
d i f f e r e n c e  was found (F (1 ,11 )  = .1852 p > .0 5 ) ,  i n d i c a t i n g  12 weeks o f
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ph y s ic a l  t r a i n i n g  d i d  not  produces s i g n i f i c a n t  d i f f e r e n c e s  between th e  
g r o u p s '  changes in  r ec o v e r y  h e a r t  r a t e .  N o n d ia b e t i c s  d id  not  improve 
more o r  l e s s  on t h e  s t e p  t e s t  than  d i a b e t i c s .
I t  i s  g e n e r a l l y  a c c e p te d  t h a t  a f a s t  r ec o v e r y  h e a r t  r a t e  r e f l e c t s  
a more e f f i c i e n t  c i r c u l a t o r y  system. (Golding e t  a l . ,  1982) .  A low 
r e c o v e ry  h e a r t  r a t e  i s  an i n d i c a t o r  o f  a e r o b i c  f i t n e s s  in  a t h l e t e s ,  
however ,  t h e r e  a re  few s t u d i e s  c oncern ing  t h e  payment o f  oxygen d e b t ,  
r e s t i n g  l e v e l  o f  h e a r t  r a t e ,  and c a r d i a c  o u t p u t ,  b e f o r e  and a f t e r  
t r a i n i n g  in s e d e n t a r y  i n d i v i d u a l s  (As tr and  and R odah l , 1986) .
S u b j e c t s  used f o r  t h i s  s tudy  were s e d e n t a r y ,  overweight,  and t y p e  II  
d i a b e t i c s .  T r a in i n g  and a d a p t a t i o n  o f  e x e r c i s e  may have been t h e  
c o n t r i b u t i n g  f a c t o r s  t h a t  caused a lower r e c o v e r y  h e a r t  r a t e  a f t e r  12 
weeks.
( S in y o r ,  1986) h y p o th e s i z e d  t h a t  s t r e s s  ca u se s  e l e v a t e d  h e a r t  
r a t e s  in  s e d e n t a r y  i n d i v i d u a l s ,  and s t r e s s  r e d u c t i o n  th rough  e x e r c i s e  
cou ld  lower e x e r c i s e  and r ec o v e ry  h e a r t  r a t e s .  S inyor  e t  a l . (1986) 
measured r e s t i n g ,  e x e r c i s e ,  and r ec ove ry  h e a r t  r a t e s  in  s e d e n t a r y  
males t o  t e s t  i f  a e r o b i c  f i t n e s s  t r a i n i n g  f o r  t e n  weeks could  a l t e r  
t h e  r e sponse  t o  p s y c h o so c i a l  s t r e s s  (measured w i th  t h e  " S p i e l b e r g e r  
S t a t e  Anxie ty  I n v e n t o r y " )  and improve f i t n e s s .  Sinyor  found 
s i g n i f i c a n t  improvements  in  a e r o b i c  f i t n e s s ,  c o r r e l a t e d  t o  a lower 
r ec o v e ry  h e a r t  r a t e  a f t e r  t r a i n i n g ,  in  s p i t e  o f  no a l t e r e d  r e sponse  t o  
psychosoc ia l  s t r e s s .  There was no r e p o r t  made on female  o r  d i a b e t i c  
s u b j e c t s .
Comparing h e a r t  r a t e  r e sponse s  between obese and l ea n  i n d i v i ­
d u a l s ,  F a r r e l l  e t  a l .  (1984) found obese women had s i g n i f i c a n t l y
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(p < .05)  h i g h e r  e x e r c i s e  h e a r t  r a t e s  (+ 20 b e a t s  pe r  minu te)  and 
volume oxygen up take  ( +.16 1 / m i n . )  when walking a t  0 ,  5 ,  and 10 
p e r c e n t  i n c l i n e s  compared t o  l ea n  women walk ing a t  t h e  same l e v e l s .  
Recovery h e a r t  r a t e  and p e rc e iv e d  e x e r t i o n  r e s p o n s e s  a t  t h e  end o f  
each t e n  minute  walk,  however,  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  
between t h e  g roups .  F a r r e l l  d id  no t  r e p o r t  which measure o f  recove ry  
h e a r t  r a t e  ( immediate  p os t  e x e r c i s e  o r  o t h e r )  was used in  t h e  s tudy  
bu t  sugges ted  recove ry  h e a r t  r a t e  response  a lone  was not  i n d i c a t i v e  o f  
c a r d i o - v a s c u l a r  f i t n e s s  in  obese i n d i v i d u a l s .  Th is  s tudy  i n d i c a t e d  
r ec o v e ry  h e a r t  r a t e  r e sponse  and c a r d i o v a s c u l a r  f i t n e s s  improved in 
NIDDM and obese s u b j e c t s  undergoing  phys ica l  t r a i n i n g .
Changes i n  F l e x i b i l i t y
Using a c o r r e l a t e d  t - t e s t ,  combined groups were t e s t e d  f o r  
d i f f e r e n c e s  in  measures  o f  p r e -  t o  p os t  t r a i n i n g  f l e x i b i l i t y .  There 
was a s i g n i f i c a n t  d i f f e r e n c e  between s u b j e c t s '  pr e  and p o s t  t r a i n i n g  
f l e x i b i l i t y  (jt (12) = 3 . 8 0 ,  p < .0 0 5 ) .  This i n d i c a t e d  t h e  s u b j e c t ' s  
i n c r e a s e d  f l e x i b i l i t y  a f t e r  12 weeks o f  t r a i n i n g .  Combined group d a ta  
a r e  p r e s e n t e d  in  Tab les  4 and 5,  and g r a p h i c a l l y  in  f i g u r e s  9 and 10. 
F igu re  10 i n d i c a t e s  a t r e n d  o f  i n c r e a s e d  f l e x i b i l i t y  f o r  both g roups.
Using an u n i v a r i a t e  t e s t  o f  s i g n i f i c a n c e  in  a one-way a n a l y s i s  o f  
v a r i a n c e ,  s u b j e c t s  were t e s t e d  f o r  group d i f f e r e n c e s  t h e  changes in 
f l e x i b i l i t y  a f t e r  t r a i n i n g .  No s i g n i f i c a n t  d i f f e r e n c e  was found (F
(1 ,1 1 )  = . 2 1 ,  p > . 0 5 ) ,  i n d i c a t i n g  t h e r e  were no group d i f f e r e n c e s  
between t h e  change in  f l e x i b i l i t y  from t r a i n i n g .  In d iv id u a l  d a ta  a re  
p r e s e n t e d  in Tables  4 and 5. The d i a b e t i c  group had a lower mean
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s c o re  b e f o r e  t r a i n i n g  than  t h e  n o n d i a b e t i c s  (10 .5  i n ch e s  v s .  18.1 
i n c h e s ) ,  bu t  improved t o  t h e  same degree  as n o n d i a b e t i c s .  Th is  may be 
e x p la in e d  wi th  t h e  o b s e r v a t i o n  t h a t  two o f  t h e  d i a b e t i c  s u b j e c t s  
sco red  5 t o  7 i nches  lower than  t h e  o t h e r  d i a b e t i c  s u b j e c t s .  
E l im in a t in g  t h e i r  s c o re s  i n c r e a s e d  t h e  mean group f l e x i b i l i t y  s c o re  t o
13.3 i n c h e s .  I t  d id  not  a l t e r  t h e  r e s u l t s  o f  t h e  a n a l y s i s .  Using 
i n d iv i d u a l  group s c o r e s ,  w i thou t  comparing t h e  deg ree  o f  improvement 
between t h e  g r o u p s ,  d i a b e t i c  s u b j e c t s  showed l e s s  f l e x i b i l i t y  b e f o r e  
and a f t e r  t r a i n i n g .  Reported by Coram (1986) and Berger  ( 1 9 7 9 ) ,  
d i a b e t i c s ,  on a v e ra g e ,  a r e  l e s s  f i t  t h a n  n o n d i a b e t i c s .
Changes in  Dynamic S t r e n g t h  and Endurance
A c o r r e l a t e d  t - t e s t  was used t o  t e s t  combined group d i f f e r e n c e s  
in  dynamic s t r e n g t h  from pre t o  p os t  t r a i n i n g .  Combined group d a t a  
a r e  p r e s e n t e d  in  Tab les  4 and 5 ,  and g r a p h i c a l l y  in  F ig u re s  11 and 12. 
There was a s i g n i f i c a n t  d i f f e r e n c e  found between p re  and p o s t  t r a i n i n g  
bench p r e s s  s c o re s  ( t.  (12)  = 3 . 4 6 ,  p < . 0 0 5 ) , )  i n d i c a t i n g  upper  body 
s t r e n g t h  and endurance  improved a f t e r  phys ica l  t r a i n i n g .  Although 
both groups s i g n i f i c a n t l y  improved on t h e  bench p r e s s ,  t h e  
n o n d i a b e t i c s  t ended  t o  improve more than  t h e  d i a b e t i c s .  See t h e  t r e n d  
a n a l y s i s  i n  F igu re  12. This  may be due t o  i n f l u e n c i n g  f a c t o r s  o f  age ,  
o r  w e ig h t ,  however ,  t h e  t  was n o n s i g n i f i c a n t .
There was a l s o  a s i g n i f i c a n t  d i f f e r e n c e  found between p re  and 
pos t  t r a i n i n g  s i t - u p  s c o re s  ( t  (12) = 3 . 5 1 ,  p < .0 0 5 ) .  Th is  i n d i c a t e d  
t h e  s u b j e c t s  improved in abdominal s t r e n g t h  and endurance  a f t e r  12 
weeks o f  p h ys ic a l  t r a i n i n g .  Combined group and i n d i v i d u a l  d a ta  a r e
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p r e s e n t e d  in  Tab les  4 and 5,  and g r a p h i c a l l y  in  F ig u re s  13 and 14. The 
t r e n d  a n a l y s i s  f o r  t h e  s i t - u p s  was o p p o s i t e  t h a t  o f  t h e  bench p r e s s  
and showed d i a b e t i c s  tended  t o  improve more t h a n  t h e  n o n d i a b e t i c s .
( see  f i g u r e  14) .  This  may be ,  in p a r t ,  due t o  t h e  i n i t i a l  low group 
mean f o r  s i t - u p s  ( 4 . 8  r e p e t i t i o n s  vs .  21.1 r e p e t i t i o n s )  i n  the  
d i a b e t i c  g roup ,  a l l o w in g  more room f o r  improvement.
Using a u n i v a r i a t e  t e s t  o f  s i g n i f i c a n c e  in  a one-way a n a l y s i s  o f  
v a r i a n c e ,  s u b j e c t s  were t e s t e d  f o r  group d i f f e r e n c e s  between t h e  
changes in measures  o f  dynamic s t r e n g t h .  This  was a s s e s s e d  w i th  t h e  
bench p r e s s  and t imed s i t - u p  t e s t .  There was no s i g n i f i c a n t  
d i f f e r e n c e  found between t h e  g r o u p ' s  p r e -  and pos t  t r a i n i n g  bench 
p r e s s  s c o r e s  (£_ (1 ,1 1 )  = . 5 8 ,  p > . 0 5 ) ,  i n d i c a t i n g  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  between t h e  g r o u p ' s  changes in  upper  body 
s t r e n g t h  a f t e r  t r a i n i n g .  There was a l s o  no s i g n i f i c a n t  d i f f e r e n c e  
between t h e  g r o u p ' s  changes in  s i t - u p  s c o re s  a f t e r  t r a i n i n g  (F. (1 ,11 )
= 2 .3 8 ,  p > . 0 5 ) .  This  i n d i c a t e d  t h a t  d i a b e t i c s  and n o n d i a b e t i c s  
improved comparably in  abdominal s t r e n g t h  and endurance  a f t e r  12 weeks 
o f  phys ic a l  t r a i n i n g .  These r e s u l t s  a r e  in accordance  wi th  p rev io u s  
r e s e a r c h  by Kro tk iewsk i  (1978-1983) .
I so m e t r i c  and i s o k i n e t i c  s t r e n g t h  and endurance  was a s s e s s e d  
(u s ing  a Cybex dynamometer) a f t e r  ph y s ic a l  t r a i n i n g  (55 m in u t e s ,  3 
t im e s  per  week) f o r  t h r e e  t o  s i x  months in  s u b j e c t s  wi th  i n c r e a s i n g  
d e g re e s  o f  g lu c o s e  i n t o l e r a n c e .  (Kro tk iewsk i  1978 -83) .  Obese s u b j e c t s  
wi th  hyperg lycemia  o r  normoglycemia and Type II  d i a b e t i c s  a l l  improved 
in  max t o r q u e  i s o m e t r i c  s t r e n g t h  (NM 90 d e g re e s )  and max t o r q u e  




























































p e r c e n t  o f  i s o k i n e t i c  endurance  (180 d e g r e e s / s e c ) .  Type I I  d i a b e t i c s  
and obese  i n d i v i d u a l s  w i th  hyperg lycemia  a l s o  improved in  i s o m e t r i c  
endurance  (90 d e g r e e s / s e c ) ,  bu t  obese normoglycemics showed no 
s i g n i f i c a n t  improvement .  The r e s u l t s  s u gge s t  o b e s i t y ,  d i a b e t e s ,  or  
derangement  o f  g lucose  m eta bo l i sm ,  do not  exc lude  t h e  normal 
p h y s i o l o g i c a l  endurance  and s t r e n g t h  a d a p t a t i o n  t o  p h y s ic a l  t r a i n i n g .  
The d a ta  from t h i s  s tudy  s u p p o r t s  t h e s e  c o n c l u s i o n s .
Changes in  Phys ica l  Working C apac i ty  and Es t im ated  Maximum V02
Using a c o r r e l a t e d  t - t e s t ,  combined groups were t e s t e d  f o r  t h e  
changes between p r e -  and p o s t  t r a i n i n g  measures  o f  c a r d i o v a s c u l a r  
f i t n e s s .  Combined group d a t a  a r e  p r e s e n t e d  in  Tab les  4 and 5. There 
was a s i g n i f i c a n t  d i f f e r e n c e  found between p r e -  and pos t  t r a i n i n g  
ph y s ic a l  working c a p a c i t y ,  PWC, (t_ (12) = 3 . 9 3 ,  p < .0 0 5 ) ,  i n d i c a t i n g  
p h y s ic a l  working c a p a c i t y  i n c r e a s e d  a f t e r  t r a i n i n g .  There was a l s o  a 
s i g n i f i c a n t  d i f f e r e n c e  between p r e -  and p os t  t r a i n i n g  PWC kgm/kg (t^ 
(12) = 4 . 5 1 ,  p < .0 0 5 ) ,  i n d i c a t i n g  t h e  s u b j e c t ' s  body weight  d id  not  
a l t e r  t h e  s t a t i s t i c a l  a n a l y s i s  f o r  PWC. ( se e  F ig u re s  15 th rough  18) .
There was no s i g n i f i c a n t  d i f f e r e n c e  found between p r e -  and pos t  
t r a i n i n g  e s t i m a t e d  maximum V02 when measured in  l i t e r s  pe r  minute  (t.  
(12)  = 1 .0 0 ,  p > .0 0 5 ) ,  bu t  a s i g n i f i c a n t  d i f f e r e n c e  found when maximum 
V02 was measured per  k i log ram  o f  body w e igh t  (;t (12) = 3 .6 4 7 ,  p 
C .005) .  Th is  i n d i c a t e d  t h e  e s t i m a t e d  maximum V02 improved a f t e r  
t r a i n i n g  when body weight  was c o n s id e r e d ,  ( s e e  F ig u re s  19 th rough  
22 ) .  The t r e n d s  f o r  measures  o f  e s t i m a t e d  maximum V02 a r e  d e p ic t e d  in  
F ig u re s  20 and 22.
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Using a u n i v a r i a t e  t e s t  o f  s i g n i f i c a n c e  in a one-way a n a l y s i s  of  
v a r i a n c e ,  s u b j e c t s  were compared f o r  group d i f f e r e n c e s  between t h e  
changes in phys ica l  working c a p a c i t y  (PWC) and oxygen up take  
( e s t i m a t e d  V02 maximum) a f t e r  t r a i n i n g .  There were no s i g n i f i c a n t  
d i f f e r e n c e  found between t h e  g r o u p ' s  changes in  PWC (£  (1 ,11 )  = .0107,  
p > . 0 5 ) ,  o r  between changes in  PWC in  kgm/kg (£  (1 ,11 )  = .037 
p > .0 5 ) .  The means f o r  PWC p r i o r  t o  and a f t e r  t r a i n i n g  in  t h e  
d i a b e t i c  and n o n d i a b e t i c  g ro u p s '  r e p r e s e n t  a d i f f e r e n c e  o f  13.6% 
i n i t i a l l y  and 13.0% a f t e r  t r a i n i n g .  D i a b e t i c  and n o n d i a b e t i c  groups 
improved in  PWC t o  t h e  same d e g re e .
There were a l s o  no s i g n i f i c a n t  d i f f e r e n c e s  found between t h e  
g r o u p ' s  changes in  e s t i m a t e d  maximum V02 ( £  (1 ,1 1 )  = .0 3 1 ,  p > . 0 5 ) ,  or
between t h e  changes in  e s t i m a t e d  maximum V02 when measured in
-1 -1
ml.kg min . ( £  (1 ,11 )  = . 0 1 4 ,  p > .0 5 ) .  This  i n d i c a t e d  t h e  changes 
between t h e  groups f o r  e s t i m a t e d  maximum oxygen up take  were not  
s t a t i s t i c a l l y  s i g n i f i c a n t .  The mean p r e - t r a i n i n g  e s t i m a t e d  V02 Max in 
d i a b e t i c  and n o n d i a b e t i c  s u b j e c t s  ( 1 .7  1/min and 1 .9  1/min 
r e s p e c t i v e l y ) ,  and p o s t -  t r a i n i n g  means ( 2 .0  1/min and 2.26  1/min 
r e s p e c t i v e l y ) ,  r e p r e s e n t  a p r e - t r a i n i n g  d i f f e r e n c e  o f  11 .7  p e r c e n t  and 
a p o s t - t r a i n i n g  d i f f e r e n c e  o f  10 p e r c e n t .  Both groups changes in  
e s t i m a t e d  V02 max a f t e r  t r a i n i n g  were comparable .
These f i n d i n g s  a r e  c o n s i s t e n t  w i th  p rev io u s  r e s e a r c h ,  s u g g e s t i n g  
obese d i a b e t i c s  and n o n d i a b e t i c s  a r e  ca pab le  o f  a c h i e v in g  p a r a l l e l  
improvements in  c a r d i o v a s c u l a r  e f f i c i e n c y  a f t e r  t r a i n i n g .  Kukkonen 
(1982) found a s i g n i f i c a n t  improvement in  a e r o b i c  power a f t e r  two 
months o f  t r a i n i n g  in  obese middle  aged men and women. V02 max
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i n c r e a s e d  f o u r t e e n  p e rc e n t  in  men and e le v e n  p e r c e n t  in  women.
Van Dale  (1987) found f o u r  and tw e lv e  weeks o f  p h y s ic a l  t r a i n i n g  
combined wi th  a low energy d i e t  in  obese women i n c r e a s e d  maximum 
a e r o b i c  power per '  k i logram  o f  f a t  f r e e  mass.  There was a 3.2% 
i n c r e a s e  f o r  t h e  f o u r  week program and a 6.2% i n c r e a s e  f o r  t h e  twe lve  
week program, but  t h e  combina t ion  o f  d i e t  and e x e r c i s e  produced no 
s i g n i f i c a n t  weight  l o s s  or  f a t  l o s s  in  e i t h e r  group .
Lennon e t  a l . (1984) found maximal oxygen consumption (V02 max
-1 -1
ml.kg min ) ,  t e s t e d  us ing  t h e  Bruce p r o t o c o l ,  i n c r e a s e d  n ine  pe rc e n t  
in obese men and women u s ing  s e l f - s e l e c t e d  a e r o b i c  e x e r c i s e  30 minu tes  
a day. I n d i v i d u a l s  on a p r e s c r i b e d  e x e r c i s e  t r a i n i n g  program, mee t ing  
eve ry  o t h e r  day f o r  tw e lve  weeks,  i n c r e a s e d  V02 max by twe lve  p e r c e n t .  
The i n c r e a s e  in V02 max f o r  obese i n d i v i d u a l s  was a t t r i b u t e d  t o  t h e  
u n d e r ly in g  m e ta b o l i c  and c a r d i o v a s c u l a r  a d a p t a t i o n s  t o  t h e  t r a i n i n g .
B j o r n to r p  (1972) showed obese  men and women wi th  t h e  same body 
mass t o  i n c r e a s e  maximal oxygen up take  a f t e r  a e r o b i c  i n t e r v a l  t r a i n i n g  
f o r  t h r e e  months ( t h r e e  t im es  pe r  week/50 m in u tes  pe r  s e s s i o n ) .
Maximal working c a p a c i t y ,  de te rm ined  us ing  t h e  b i c y c l e  e rg o m e te r ,  
s i g n i f i c a n t l y  i n c r e a s e d  wh i le  e x e r c i s e  h e a r t  r a t e  d u r in g  submaximal 
workload d e c re a s e d .
Comparing t h e  e f f e c t s  o f  ph y s ic a l  t r a i n i n g  in  t y p e  II  d i a b e t e s ,  
Kro tk iewski  (1985) found i n c r e a s e s  in  V02 max from d i a b e t i c  s u b j e c t s  
p a r t i c i p a t i n g  in  i n d i v i d u a l i z e d  p h ys ic a l  t r a i n i n g  f o r  t h r e e  months.  
Krotkiewski  showed obese s u b j e c t s  wi th  normal g lu co s e  t o l e r a n c e  
undergoing  t h e  same p h ys ic a l  t r a i n i n g  program as  t h e  d i a b e t i c  s u b j e c t s  
e x h i b i t e d  s i m i l a r  improvements  in  V02 max. Kro tk iewski  found phys ica l
91
e x e r c i s e  b e n e f i c i a l  f o r  i n c r e a s i n g  c a r d i o v a s c u l a r  e f f i c i e n c y  in  obese 
t y p e  I I  and n o n d i a b e t i c  i n d i v i d u a l s .  The p r e s e n t  s tudy  i s  in  a g r e e ­
ment wi th  p r e v io u s  r e s e a r c h ,  s u g g e s t i n g  o b e s i t y  and t y p e  II  d i a b e t e s  
does not  l i m i t  p a r t i c i p a t i o n  in  s t r u c t u r e d  e x e r c i s e  programs or  
i n h i b i t  improvements  in a e r o b i c  f i t n e s s .
C o n t r a d i c t i n g  r e p o r t s  by Wahren e t  a l .  (1983) no te  t h a t  d i a b e t i c  
s u b j e c t s  have impa ired  oxygen d e l i v e r y  t o  t h e  t i s s u e s  which may a l t e r  
t h e i r  a e r o b i c  t r a i n i n g  response  t o  e x e r c i s e .  Wahren found t h a t  
d i a b e t i c  s u b j e c t s  had h ig h e r  e x e r c i s e  h e a r t  r a t e s ,  lower  c a r d i a c  
o u t p u t s ,  and g r e a t e r  i n c r e a s e s  in  blood p r e s s u r e  d u r in g  submaximal 
e rgom ete r  e x e r c i s e  (50 p e r c e n t  V02 Max) t h a n  age and weight  matched 
n o n d i a b e t i c s .  The p r e s e n t  s tudy  found no d i f f e r e n c e  between t h e  
d i a b e t i c  and n o n d i a b e t i c  s u b j e c t s  du r in g  submaximal e rgom ete r  t e s t i n g .
McMillan (1978) found t h a t  d i a b e t i c s  commonly have impa ired  
oxygen exchange a t  t h e  t i s s u e  l e v e l  due t o  deformed e r y t h r o c y t e  
f u n c t i o n s .  F u r t h e r ,  d i a b e t i c s  were found t o  have lower V02 Max v a lu e s  
than  n o n d i a b e t i c s ,  s u g g e s t i n g  d i a b e t i c s  cannot  perform as  wel l du r ing  
e x e r c i s e  as  n o n d i a b e t i c s .  D i a b e t i c  s u b j e c t s  in  t h i s  s tudy  were a b l e  
t o  i n c r e a s e  a e r o b i c  c a p a c i t y  t o  t h e  same degree  as  n o n d i a b e t i c s ,  t h u s ,  
i t  i s  p ro b ab le  t h e y  d id  not  have impaired  oxygen exchange.
C o n f l i c t i n g  r e p o r t s  may be due t o  t h e  s p e c i f i c  p o p u l a t i o n s  s t u d i e d  and 
a d d i t i o n a l  d a t a  i s  needed t o  w a r ra n t  a s t a t e m e n t  r e g a r d i n g  a e ro b i c  
f i t n e s s  c a p a b i l i t y  in  d i a b e t i c s .
PRE TO POST CHANGES ON MEASURES OF BLOOD GLUCOSE, Bg
A r e p e a t e d  measures  two-way m u l t i p l e  r e g r e s s i o n  a n a l y s i s  was
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conducted  on mean p r e -  and p os t  e x e r c i s e  blood g lu co s e  (mg/dl)  f o r  
both g roups .  The F observed  f o r  p r e -  t o  p os t  e x e r c i s e  d i f f e r e n c e  was 
s i g n i f i c a n t  ( £  (1 ,11 )  = 7 . 9 2 ,  p < . 0 5 ) ,  i n d i c a t i n g  p o s t  e x e r c i s e  blood 
g lucose  was s i g n i f i c a n t l y  d i f f e r e n t  from pre  blood g l u c o s e .  The F 
observed  f o r  group d i f f e r e n c e  was a l s o  s i g n i f i c a n t  ( £  (1 ,11 )  = 23 .85 ,  
p < . 0 5 ) ,  i n d i c a t i n g  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  blood 
g lucose  between g roups .  The F observed  f o r  t h e  i n t e r a c t i o n  e f f e c t s  
was aga in  s i g n i f i c a n t  ( £  (1 ,11 )  = 16 .24 ,  p < .0 5 ) ,  i n d i c a t i n g  blood 
g lucose  was s i g n i f i c a n t l y  d i f f e r e n t  between th e  group measures  and 
between p r e -  t o  p o s t  change from e x e r c i s e .  Group d a t a  a r e  p r e s e n t e d  
in  Table  6 and F ig u re s  23 th ro u g h  25. F igure  26 shows t h e  i n t e r a c t i o n  
e f f e c t .
Tukey HSD t e s t s  (p <.05)  r e v e a l e d  t h e  sou rce  o f  i n t e r a c t i o n  
between group means.  S i g n i f i c a n t  d i f f e r e n c e s  were found between:
(1) The d i a b e t i c ' s  pre  t o  p os t  t r a i n i n g  blood g l u c o s e ;  (2)  The 
d i a b e t i c  and n o n d i a b e t i c  p re  t r a i n i n g  blood g l u c o s e ;  and (3) The 
d i a b e t i c  pre  e x e r c i s e  t o  n o n d i a b e t i c  p os t  e x e r c i s e  blood g lu c o s e .  
N o n s i g n i f i c a n t  d i f f e r e n c e s  were found between:  (1) The n o n d i a b e t i c  pre  
e x e r c i s e  t o  p o s t  e x e r c i s e  blood g l u c o s e ;  (2) The n o n d i a b e t i c  pre  
e x e r c i s e  t o  d i a b e t i c  pos t  e x e r c i s e  blood g lu c o s e ;  and (3) The 
n o n d i a b e t i c  p o s t  and d i a b e t i c  p os t  e x e r c i s e  blood g l u c o s e .  I n d i v i ­
dual blood g lu co s e  d a t a  a r e  p r e s e n t e d  in  Appendix G.
I t  has been e s t a b l i s h e d  t h a t  blood g lu co s e  c o n c e n t r a t i o n s  in type  
I I  d i a b e t e s  f a l l  d u r in g  e x e r c i s e  ( P e d e r s e n ,  1980) ( B e rgs t rom ,  1971) 
(G y n te lb e rg ,  1976) ,  and t h a t  p h ys ic a l  a c t i v i t y  improves g lucose  
t o l e r a n c e  ( B e r g e r ,  1979) .  The e f f e c t s  o f  e x e r c i s e  have been
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Table 6
Mean pre  and p os t  e x e r c i s e  blood g lu co s e  f o r  d i a b e t i c  
and n o n d i a b e t i c  s u b j e c t s  p a r t i c i p a t i n g  in  a 12 week 
e x e r c i s e  program.
PRE SD POST SD X
D i a b e t i c 151.138 + 31 .12 90.661 + 33.38 120.899
Nond iabe t i c 90.243 + 18.30 84.458 + 22.64 87.350
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a t t r i b u t e d  t o  an i n c r e a s e  in t h e  up take  o f  g lucose  in  p e r i p h e r a l  
t i s s u e ,  however,  t h e  c e l l u l a r  mechanisms behind t h i s  phenomenon a re  
not  well unders tood  (Bogardus,  1984) (B e rg e r ,  1979) .
Bogardus ,  e t  a l .  (1984) found phys ica l  t r a i n i n g  combined wi th  
d i e t  produced a s i g n i f i c a n t l y  g r e a t e r  i n c r e a s e  in  i n s u l i n  s e n s i t i v i t y ,  
p r i m a r i l y  in s k e l e t a l  musc le ,  than  d id  d i e t  t h e r a p y  a lo n e .  The 
i n c r e a s e d  s e n s i t i v i t y  was a s s o c i a t e d  wi th  enhanced n o n - o x i d a t i v e  
g lu co s e  d i s p o s a l ,  a g r e a t e r  i n c r e a s e  in  c a rb o h y d r a te  s t o r a g e  r a t e s .
The p r e s e n t  s tudy  d id  not  combine d i e t  t h e r a p y  wi th  e x e r c i s e ,  however , 
Bogardus found t h a t  d i e t  t h e r a p y  a lone  o r  t h e  combina t ion o f  d i e t  and 
e x e r c i s e  reduced  basal  endogenous g lu co s e  p roduc t ion  and improved 
g lucose  t o l e r a n c e  in NIDDM p a t i e n t s .
Devl in  (1986) a s s e s s e d  t h e  e f f e c t s  o f  a s i n g l e  e x e r c i s e  bout  on 
NIDDM p a t i e n t s .  In obese i n s u l i n - r e s i s t a n t  p a t i e n t s ,  a s i n g l e  e x e r ­
c i s e  s e s s i o n  was shown t o  i n c r e a s e  i n s u l i n - m e d i a t e d  g lu co s e  d i s p o s a l ,  
p robab ly  by i n c r e a s i n g  g lu co s e  s t o r a g e  as  g lycogen ,  p r e v i o u s l y  noted 
in r e s e a r c h  r e p o r t e d  by Bogardus. Devl in  found ba sa l  endogenous 
g lucose  l e v e l s  were lower a f t e r  a s i n g l e  e x e r c i s e  bout  in  NIDDM 
p a t i e n t s ,  and showed a s i n g l e  bout  o f  e x e r c i s e  can have c l i n i c a l  
s i g n i f i c a n c e  12-16 hours  l a t e r .  A f t e r  d i a b e t i c  s u b j e c t s  were 
e x e r c i s e d  in  t h e  ev e n in g ,  endogenous g lucose  p ro d u c t io n  r a t e s  were 
lower t h e  next  morning and 20% lower t h a n  on days w i th  no e x e r c i s e  a t  
a l l .
S c hne ide r  e t  a l .  (1984) r e p o r t e d  6-weeks o f  ph y s ic a l  t r a i n i n g  
r e s u l t e d  in  s i g n i f i c a n t  d e c r e a s e s  in  g l y c o s y l a t e d  hemoglobin (15.1 
gm /d l . t o  14 .2  g m /d l . )  from p a t i e n t s  wi th  NIDDM. This  was most l i k e l y
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caused by t h e  c u m ula t ive  e f f e c t  o f  s i n g l e  improvements in  g lucose  
t o l e r a n c e  t h a t  fo l lowed  each e x e r c i s e  s e s s i o n .  However, a f t e r  72 
hours  o f  no e x e r c i s e ,  g lu co s e  t o l e r a n c e  in  response  t o  an o ra l  g lucose  
load d e c l i n e d  s i g n i f i c a n t l y .
To de te rm ine  i f  e x e r c i s e  t r a i n i n g  c l i n i c a l l y  a l t e r s  t h e  
s e n s i t i v i t y  and r e s p o n s i v e n e s s  t o  i n s u l i n  wi th  g lucose  up take  in  f a t  
c e l l s ,  Cra ig  (1981) examined i s o l a t e d  a d ip o c y t e s  from t r a i n e d  
(swimming 6 h o u r s / d a y ,  5 days/week f o r  12 weeks) and u n t r a i n e d  r a t s .  
Tra in ed  r a t s  had s m a l l e r  f a t  c e l l s  but  a l a r g e r  amount o f  i n s u l i n  
s p e c i f i c a l l y  bound by t h e  c e l l s  than  d id  t h e  c o n t r o l  r a t s .  C r a i g ' s  
r e s e a r c h ,  in  accordance  with o t h e r  documented s t u d i e s  (Hea th ,  1983) 
( F e l l ,  1982) (B row ne l l ,  1986) ,  s u g g e s t s  t h e  t r a i n e d  group had more 
i n s u l i n  s p e c i f i c a l l y  bound due t o  t h e  i n c r e a s e d  number o f  i n s u l i n  
r e c e p t o r s  found in  t r a i n e d  r a t s .
Wahren (1971) found normal s u b j e c t s  e x h i b i t  p ro longed hyper-  
i n s u l i n e m ia  and hyperg lycemia  (found in  NIDDM) a f t e r  e n fo r c e d  b e d r e s t  
and no phys ica l  a c t i v i t y  f o r  t h r e e  t o  seven days .  When s u b j e c t s  
performed leg  i s o t o n i c  e x e r c i s e  f o r  1 hour /day  f o r  3 - 7  d a y s ,  plasma 
i n s u l i n  and g lu c o s e  were lowered.  The f a l l  in  g lucose  and i n s u l i n  was 
a t t r i b u t e d  t o  an i n c r e a s e d  m e ta b o l i c  r a t e  and change in  t h e  s y n t h e s i s  
o r  r e l e a s e  mechanism o f  i n s u l i n .  The r e s e a r c h  sugges ted  t h a t  o t h e r  
f a c t o r s  which a r e  a c t i v a t e d  by phys ica l  e x e r c i s e  and respond t o  t h e  
q u a n t i t y  o f  ene rgy expended ,  promote i n c r e a s e d  g lucose  u t i l i z a t i o n .
The mechanisms behind  t h i s  were not  d i s c u s s e d ,  but  e x e r c i s e  was shown 
t o  r e s u l t  in a d e c r e a s e  o f  blood g lu co s e  and i n s u l i n  in p a t i e n t s  with 
hyperg lycemia  and h y p e r i n s u l i n e m i a .
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I n s u l i n  b in d in g  t o  c i r c u l a t i n g  monocytes i s  i n c r e a s e d  by t r a i n i n g  
and ,  l i k e  g lucose  t o l e r a n c e ,  has been shown t o  be d im in ished  by 
d e t r a i n i n g  and r e s t o r e d  by a s i n g l e  e x e r c i s e  bout  ( D e v l in ,  1986) 
(Bogardus ,  1984) .  Improvements in g lu co s e  t o l e r a n c e  and glycemic 
s t a t u s  f o l l o w in g  a s i n g l e  e x e r c i s e  bout  has been no ted in  t y p e  II  
d i a b e t i c  s u b j e c t s .  D i a b e t i c  s u b j e c t s  from t h i s  s tudy  showed 
s i g n i f i c a n t  d e c re a s e  in  c i r c u l a t i n g  blood g lu c o s e  f o l l o w in g  e x e r c i s e ,  
whereas  t h e  n o n d i a b e t i c s  w i th  normoglycemia showed n o n s i g n i f i c a n t  
d i f f e r e n c e s .  One e x p l a n a t i o n  f o r  t h i s  has been reviewed (Ruderman, 
1986) .  Based on s t u d i e s  w i th  i s o l a t e d  r a t  h i n d q u a r t e r s ,  and ana logous  
t o  r e p o r t s  by Bergstrom (1971) and Murphy (1 9 8 1 ) ,  Ruderman a t t r i b u t e d  
t h e  r e p l e t i o n  o f  muscle glycogen a f t e r  e x e r c i s e  t o  an enhanced e f f e c t  
o f  i n s u l i n  on e x e r c i s e d  musc le .  R e s t o r a t i o n  o f  muscle glycogen 
f o l l o w i n g  e x e r c i s e  occu rs  in  s e v e r a l  s t e p s  t h a t  a id  in  d e c r e a s in g  
c i r c u l a t i n g  blood g l u c o s e .  A f t e r  muscle glycogen  i s  d e p l e t e d ,  g lu co s e  
u t i l i z a t i o n  and g lycogen s y n t h e s i s  a r e  enhanced in  t h e  absence o f  
i n s u l i n .  S t im u l a t i o n  by i n s u l i n  i s  then  enhanced,  and on ly  when 
g lycogen  l e v e l s  have r e t u r n e d  t o  nea r  b a s e l i n e  v a lu e s  does t h e  
i n c r e a s e d  e f f e c t  o f  i n s u l i n  on g lucose  d i s p o s a l  become e v i d e n t .  This  
p roposes  t h a t  r e s t o r a t i o n  o f  r a p i d l y  d e p le t e d  muscle glycogen 
f o l l o w i n g  e x e r c i s e  i n i t i a l l y  u t i l i z e s  c i r c u l a t i n g  g lucose  and then  
f u r t h e r  compensat ion  o f  g lu co s e  i n c o r p o r a t i o n  i n t o  glycogen f o l lo w s  
wi th  i n s u l i n  s t i m u l a t i o n .  The d u r a t i o n  o f  t h e s e  mechanisms depend t h e  
d u r a t i o n ,  i n t e n s i t y  and mode o f  e x e r c i s e ,  however , t h e  b a s i s  f o r  t h e  
i n c r e a s e  in  g lu co s e  t r a n s p o r t  du r ing  t h e  p o s t e x e r c i s e  s t a t e ,  and i t s  
r e l a t i o n s h i p  t o  t h e  enhanced s t i m u l a t i o n  o f  t h e s e  p r o c e s s e s  by
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i n s u l i n ,  i s  unknown. P h y s i o l o g i c a l l y ,  c o n d i t i o n e d  i n d i v i d u a l s  a re  
more s e n s i t i v e  t o  i n s u l i n  th a n  age-m atched ,  nonc o n d i t io n e d  c o n t r o l s ,  
which has been a t t r i b u t e d  t o  l o n g - t e rm  a d a p t a t i o n s  t o  t r a i n i n g  (James,  
1984) ,  i n c r e a s e d  V02 max (Adams, 1986) ,  and d e c re a s e d  a d i p o s i t y .  
U n f o r t u n a t e l y ,  t h e s e  s t u d i e s  d id  not  app ly  t o  NIDDM p a t i e n t s  wi th  a 
m e ta b o l i c  d i s o r d e r  o r  t o  i n d i v i d u a l s  w i th  a f a m i l i a l  a g g r e g a t i o n  o f  
t y p e  II  d i a b e t e s  ( B e r n t o r p ,  1984) .
F u r t h e r  r e s e a r c h  i s  w a r ra n te d  t o  conf i rm  t h e  mechanisms behind 
which e x e r c i s e  i n c r e a s e s  i n s u l i n  s e n s i t i v i t y  in  t y p e  I I  d i a b e t i c  
p a t i e n t s .
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Chapte r  5
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
SUMMARY
The purpose  o f  t h i s  s tudy  was t w o - f o l d :  1) t o  measure 
phys ica l  f i t n e s s  in  d i a b e t i c  and overw eig h t  n o n d i a b e t i c  s u b j e c t s  
du r in g  a 12 week p r o g r e s s i v e  e x e r c i s e  program; 2) t o  compare t h e  pre  
and p o s t  e x e r c i s e  blood g lu co s e  l e v e l s  bo th  w i t h i n  and between t h e  
g ro u p s .  The e x e r c i s e  program c o n s i s t e d  o f  t h r e e  50 minu te  s e s s i o n s  
pe r  week. Blood g lu c o s e  was measured b e f o r e  and a f t e r  each s e s s i o n  in  
t h e  d i a b e t i c  g ro u p ,  and on t h r e e  c o n s e c u t i v e  s e s s i o n s  f o r  t h e  
n o n d i a b e t i c  c o n t r o l  g roup .
Five  t y p e  I I  d i a b e t i c s  (3 fem a le s  and two m a le s ,  X age = 
58.4)  w i th  a mean body f a t  o f  39.1% f o r  fem ale s  and 28.1% f o r  males 
(34.7% f o r  males  and f e m a l e s ) ,  were compared t o  e i g h t  n o n d i a b e t i c  
fem a les  (X age = 38 .6  y e a r s )  wi th  a mean body f a t  o f  37.0%. All 
s u b j e c t s  were measured b e f o r e  and a f t e r  t h e  program f o r  body 
c o m p o s i t i o n ,  c a r d i o v a s c u l a r  c a p a c i t y ,  f l e x i b i l i t y ,  m uscu la r  s t r e n g t h  
and e n d u ra n c e ,  and blood g lu c o s e .  The "Y 's  Way t o  P hys ica l  F i t n e s s "  
b a t t e r y  was used f o r  t h e  phys ica l  f i t n e s s  t e s t i n g .
Weight ,  p e r c e n t  f a t ,  r e s t i n g  h e a r t  r a t e ,  f l e x i b i l i t y ,  one-  
minute  r ec ove ry  h e a r t  r a t e ,  bench p r e s s ,  t imed s i t u p s ,  V02 max and PWC 
max were s t a t i s t i c a l l y  a na ly z e d .  A c o r r e l a t e d  t - t e s t  o f  s i g n i f i c a n c e  
t e s t e d  combined group d i f f e r e n c e s  in  f i t n e s s  l e v e l  between t h e  p r e -
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and pos t  e x e r c i s e  program m easures .  The s i g n i f i c a n c e  o f  t h e  t e s t  was 
t o  de te rm ine  i f  t h e  e x e r c i s e  program improved p h ys ic a l  f i t n e s s
i r r e s p e c t i v e  o f  be ing  d i a b e t i c .  A u n i v a r i a t e  F - t e s t  o f  s i g n i f i c a n c e  
us ing  a one-way a n a l y s i s  o f  v a r i a n c e ,  t e s t e d  f o r  i n d iv i d u a l  group 
d i f f e r e n c e s  between t h e  p r e -  and p os t  e x e r c i s e  program m easures .  In
a d d i t i o n ,  u n i v a r i a t e  F t e s t s  in  a r e p e a t e d  measures  m u l t i p l e
r e g r e s s i o n  a n a l y s i s  were used t o  t e s t  mean d i f f e r e n c e s  and i n t e r a c t i o n  
between r e p e a t e d  measures  o f  blood g lu co s e  from d i a b e t i c  and 
n o n d i a b e t i c  g roups .  Tukey HSD p os t  hoc a n a l y s i s  r e v e a l e d  t h e  
s i g n i f i c a n t  d i f f e r e n c e s  between t h e  means o f  blood g lu c o s e .
S i g n i f i c a n t  d i f f e r e n c e s  in  pre  t o  p o s t  t r a i n i n g  f i t n e s s
l e v e l s  were observed  u s ing  t h e  c o r r e l a t e d  t - t e s t  wi th  t h e  combined
g ro u p s .  Improvement o c c u r r e d  in  t h e  a r e a s  o f  r ec ove ry  h e a r t  r a t e ,
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f l e x i b i l i t y ,  m uscu la r  s t r e n g t h  and e n d u ra n c e ,  V02 max (ml.kg min ' ) ,  
and PWC max. U n i v a r i a t e  F t e s t s  in t h e  a n a l y s i s  o f  v a r i a n c e  i n d i c a t e d  
t h e r e  were n o n s i g n i f i c a n t  d i f f e r e n c e s  between t h e  groups f o r  any a r e a s  
o f  p h ys ic a l  f i t n e s s  t e s t e d .  The d i a b e t i c  and n o n d i a b e t i c  g r o u p ' s  
changes in  f i t n e s s  a f t e r  e x e r c i s e  were n o n s i g n i f i c a n t l y  d i f f e r e n t .
S i g n i f i c a n t  d i f f e r e n c e s  were obse rved  u s ing  t h e  r e p e a t e d  
measures  m u l t i p l e  r e g r e s s i o n  F - t e s t  and p o s t  hoc Tukey HSD between t h e  
means o f  d i a b e t i c  and n o n d i a b e t i c  blood g l u c o s e .  S i g n i f i c a n c e  was 
a l s o  found between t h e  d i a b e t i c  g r o u p ' s  p re  and p o s t  e x e r c i s e  blood 
g l u c o s e ,  t h e  d i a b e t i c ' s  p re  t o  n o n d i a b e t i c ' s  p re  e x e r c i s e  blood 
g l u c o s e ,  and t h e  d i a b e t i c ' s  p re  t o  n o n d i a b e t i c ' s  p os t  e x e r c i s e  blood 
g l u c o s e .
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CONCLUSIONS
Prev io us  r e s e a r c h  has shown t h a t  ph y s ic a l  i n a c t i v i t y  i s  
a s s o c i a t e d  wi th  o b e s i t y  and g lucose  i n t o l e r a n c e ,  which l a t e r  may 
deve lop  i n t o  n o n - i n s u l i n  dependen t  d i a b e t e s  m e l l i t u s .  (NIDDM).
Phys ica l  a c t i v i t y  i s  known t o  i n c r e a s e  i n s u l i n  s e n s i t i v i t y  and 
phys ica l  f i t n e s s  in  NIDDM p a t i e n t s ,  a l though  t h e  p h y s io l o g i c a l  
mechanisms behind t h i s  remain u n c l e a r .  I t  has been sugges ted  t h a t  
NIDDM p a t i e n t s  have impaired  phys ica l  f i t n e s s  t h a t  may p r o h i b i t  normal 
p h ys ic a l  a c t i v i t y ,  and make them in c a p a b le  o f  a c h ie v in g  performance  
l e v e l s  comparable  t o  a n o n d i a b e t i c .  This  has l ed  many d i a b e t o l o g i s t s  
t o  advoca te  s p e c i a l i z e d  e x e r c i s e  programs in  c o n s i d e r a t i o n  t o  t h e  
m e ta b o l i c  d i s o r d e r  o f  a d i a b e t i c .  Because p r e v io u s  r e s e a r c h  has  not  
s p e c i f i c a l l y  shown overw eig h t  NIDDM p a t i e n t s  can improve phys ica l  
f i t n e s s  t o  t h e  same degree  as  o v e rw e ig h t ,  normoglycemia n o n d i a b e t i c s  
u s ing  t h e  same t r a i n i n g  program, t h e  f o l l o w in g  c o n c lu s i o n s  a r e  made:
1. The 12-week e x e r c i s e  program r e s u l t e d  in  s i g n i f i c a n t
i n c r e a s e s  in f i t n e s s  f o r  bo th  d i a b e t i c s  and n o n d i a b e t i c s  when measured
f o r  r ec o v e ry  h e a r t  r a t e ,  f l e x i b i l i t y ,  muscular  s t r e n g t h  and e ndu ra nc e ,  
-1 -1
V02 max (ml.kg min.  ) and PWC max.
2. Without  d i e t a r y  r e s t r i c t i o n ,  t h e  t r a i n i n g  program d id  
not  s i g n i f i c a n t l y  a l t e r  we ight  o r  p e rc e n t  body f a t .
3 .  There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  
g r o u p ' s  measures  o f  r e s t i n g  h e a r t  r a t e ,  r ec ove ry  h e a r t  r a t e ,  w e ig h t ,  
p e r c e n t  body f a t ,  f l e x i b i l i t y ,  m uscu la r  s t r e n g t h  and endu rance ,  V02 
max, o r  PWC max from t r a i n i n g ,  i n d i c a t i n g  d i a b e t i c ' s  and overweigh t  
n o n d i a b e t i c s  can improve f i t n e s s  t o  t h e  same degree  a f t e r  t r a i n i n g .
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4.  There was a s i g n i f i c a n t  d e c re a s e  in  mean pos t  e x e r c i s e  
blood g lu co s e  f o r  t h e  d i a b e t i c  group,  i n d i c a t i n g  e x e r c i s e  improved 
g lucose  t o l e r a n c e .
5. There was a s i g n i f i c a n t  d i f f e r e n c e  between measures  of  
d i a b e t i c  and n o n d i a b e t i c  p r e - e x e r c i s e  blood g lu c o s e .
6.  There was a n o n s i g n i f i c a n t  d i f f e r e n c e  between t h e  
c o n t r o l  g r o u p ' s  pre  t o  p os t  e x e r c i s e  blood g l u c o s e ,  i n d i c a t i n g  t h e  
overw eigh t  c o n t r o l  group was normoglycemic.
RECOMMENDATIONS
Based on t h e  r e s u l t s  and o b s e r v a t i o n s ,  t h e  f o l l o w in g  
recommendations seem a p p r o p r i a t e :
1. Pas t  r e s e a r c h  has i n d i c a t e d  t h a t  t y p e  II  d i a b e t i c s  a r e  
i n c a p a b le  o f  i n c r e a s i n g  p h ys ic a l  f i t n e s s  t o  t h e  same degree  as 
n o n d i a b e t i c s .  This  i s  m is l e a d i n g  in fo r m a t io n  t o  t h o s e  i n t e r e s t e d  in 
p r e s c r i b i n g  an e x e r c i s e  program f o r  t h e  d i a b e t i c .  I n i t i a l  phys ica l  
f i t n e s s ,  r a t h e r  than  an o v e r a l l  m e ta b o l i c  d i s o r d e r ,  shou ld  be used as  
c r i t e r i a  f o r  t h e  im p lem en ta t io n  o f  a t r a i n i n g  program. D i a b e t i c s  and 
overw eigh t  n o n d i a b e t i c s  may improve p h ys ic a l  f i t n e s s  u s ing  t h e  same 
t r a i n i n g  program.
2. NIDDM p a t i e n t s  can improve g lucose  metabol ism wi th  
i n d i v i d u a l  e x e r c i s e  b o u t s ,  a l t h o u g h  f u r t h e r  r e s e a r c h  i s  needed t o  
d e te rm in e  t h e  b e n e f i t s  o f  e x e r c i s e  on m e ta b o l i c  c o n t r o l .
3.  The f o l lo w in g  recommendations a r e  sugges ted  f o r  f u r t h e r
r e s e a r c h :
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a .  A much l a r g e r  sample s i z e  a l lowing  more i n f e r e n c e s  
abou t  t h e  p o p u l a t i o n .
b.  A subsequen t  s tudy  c o n t r o l l i n g  t h e  i n t e n s i t y  and 
d u r a t i o n  o f  e x e r c i s e  ( i e .  use o f  l a b  equipment  wi th  con­
s t a n t  m o n i to r ing  o f  s u b j e c t s ) .
c .  A sample wi th  a g e ,  s e x ,  m a t u r a t i o n  and o t h e r  c o ­
v a r i a b l e s  matched t o  a l l e v i a t e  any b i a s  from v a r i a b i l i t y  
between t h e  samples .
d .  I n v e s t i g a t i o n  o f  hemoglobin Ale from p r e -  t o  pos t  
t r a i n i n g  t o  de te rm ine  i f  r e g u l a r  e x e r c i s e  s e s s i o n s  
s u b s e q u e n t ly  improved m e ta b o l i c  c o n t r o l .
e .  A s tudy  i n v e s t i g a t i n g  d i f f e r e n c e s  in m e t a b o l i c  
c o n t r o l  between s e p a r a t e  age groups o f  t y p e  II  
d i a b e t i c s .
f .  I n v e s t i g a t i n g  t h e  e f f e c t s  o f  d i e t a r y  r e s t r i c t i o n  on 
w e i g h t ,  body c o m p o s i t i o n ,  and phys ica l  f i t n e s s  between 
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1. a c i d o s i s
( k e t o a c i d o s i s )
2. ad ipose
3.  adrenal  g lands
4 .  a d u l t - o n s e t
d i a b e t e s
5. a lpha  c e l l s
6. a r t e r i o s c l e r o s i s
7.  b e ta  c e l l s
8 .  blood g lucose
9. c a l o r i e
10. c a rb o h y d r a te
11. c h o l e s t e r o l
An i n c r e a s e  in  blood a c i d s  r e s u l t i n g  from 
accumula t ion  o f  ke to n e s  in  t h e  body o f  poo r ly  
r e g u l a t e d  d i a b e t i c s .  D i a b e t i c  a c i d o s i s  
u s u a l l y  comes on s low ly  wi th  l o s s  o f  a p p e t i t e ,  
nausea ,  v o m i t in g ,  abdominal p a in ,  and s t u p o r .
Fat  or  f a t t y  t i s s u e .
Two small g lan d s  o f  i n t e r n a l  s e c r e t i o n  a t  t h e  
upper  p o l e s  o f  t h e  k idneys  which produce 
hormones such as  c o r t i s o n e  and e p i n e p h r i n e .  
These hormones he lp  t o  r e g u l a t e  blood suga r  
l e v e l  s .
Type II  d i a b e t e s  (NIDDM). Adult  d i a b e t e s  i s  
c h a r a c t e r i z e d  by a gradua l  i n s i d i o u s  o n s e t ,  
s t a b l e ,  and u s u a l l y  not  i n s u l i n  dependen t .
Microscopic  c e l l s  in  t h e  pancreas  r e s p o n s i b l e  
f o r  t h e  m anufac tu re  and s e c r e t i o n  o f  g lucagon .
A th i c k e n in g  and l o s s  o f  e l a s t i c i t y  o f  t h e  
w a l l s  o f  t h e  a r t e r i e s .  P a r t  o f  t h e  ag ing 
p r o c e s s ,  a c c e l e r a t e d  somewhat in  d i a b e t e s .  .
Microscop ic  c e l l s  in  t h e  panc reas  r e s p o n s i b l e  
f o r  t h e  m anufac tu re  and s e c r e t i o n  o f  i n s u l i n .
Also c a l l e d  blood s u g a r .  A c o n c e n t r a t i o n  or  
l eve l  o f  g lu co s e  in  t h e  blood as  de te rmined  by 
chemical t e s t s .
A u n i t  o f  hea t  produced by t h e  metabo l i sm or  
combust ion o f  fo o d s .  A c a l o r i e  i s  t h e  amount 
o f  hea t  r e q u i r e d  t o  r a i s e  t h e  t e m p e r a t u r e  o f  
one k i logram ( 2 .2  pounds)  o f  wa te r  1 degree  
c e n t i g r a d e .
A food n u t r i e n t  found in  f r u i t ,  v e g e t a b l e s ,  
b r e a d s ,  c e r e a l s ,  and m i l k .  The most  s imple 
form o f  c a rb o h y d r a t e  i s  s u g a r .  S t a r c h  i s  a 
combina t ion  o f  many s u g a r s .  Carbohydra tes  a r e  
used by t h e  body f o r  he a t  and ene rgy .
A f a t t y  s u b s ta n c e  p r e s e n t  in  t h e  b l o o d ,  o f t e n  
above normal l e v e l s  in  d i a b e t i c s .  Dai ry 
p r o d u c t s ,  m ea t ,  and e g g s ,  c o n t a i n  l a r g e  
amounts o f  c h o l e s t e r o l .
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12. d i a b e t e s
m e l l i t u s
13. e p h in e p h r in e





17. g l u c o g e n o l y s i s
18. g lyco n e o g e n e s i s
19. g l y c o l y s i s
18. g l y c o s u r i a
19. hyperglycemia
20. hypoglycemia
21. i n s u l i n
A c h ro n i c  d i s o r d e r  r e s u l t i n g  from an 
i nadequa te  supp ly  o f  i n s u l i n  as a consequence 
o f  which metabol ism o f  f o o d s ,  e s p e c i a l l y  
c a r b o h y d r a t e s ,  i s  h in d e r e d .
A hormone s e c r e t e d  by t h e  adrena l  g lands  
whenever  blood suga r  becomes t o o  low. One of  
t h e  hormones in t h e  body which he lp s  t o  
r e g u l a t e  t h e  blood suga r  l e v e l  w i t h i n  a normal 
range .
A measurement  o f  blood suga r  b e fo r e  any th ing  
has been e a t e n .
A hormone used in  t r e a t m e n t  o f  s e v e re  
hypoglycemia,  a c t i n g  t o  produce a prompt 
e l e v a t i o n  o f  t h e  g lu co s e  c o n c e n t r a t i o n  o f  t h e  
blood by m o b i l i z i n g  glycogen s t o r e d  in  t h e  
1 i v e r .
The sw ee t ,  c o l o r l e s s ,  s o l u b l e  sugar  t h a t  
o ccu rs  w ide ly  in  n a t u r e  and i s  t h e  pr imary  
so u rc e  o f  c e l l u l a r  energy in  man.
The form o f  c a r b o h y d r a t e  in  which g lucose  i s  
s t o r e d  in  t h e  t i s s u e s  o f  t h e  body, main ly  in  
t h e  l i v e r  and t h e  m usc le s .
Enzymatic breakdown o f  glycogen t o  g lu c o s e .
The s y n t h e s i s  o f  g lu co s e  from no n -ca rb o h y d ra t e  
s o u r c e s .
The a ne rob ic  conv e rs io n  o f  g lucose  t o  py ruv ic  
and l a c t i c  a c i d s ,  an e n e r g y - y i e l d i n g  p r o c e s s .
Sugar  in  t h e  u r i n e .  Usua l ly  t h e  r e s u l t  o f  
high blood suga r .
A h ig h e r  than  normal c o n c e n t r a t i o n  o f  suga r  in 
t h e  b lood.
A lower then  normal c o n c e n t r a t i o n  o f  suga r  in 
t h e  blood ( see  i n s u l i n  r e a c t i o n s ) .
A hormone produced by t h e  pancreas  which p lays  
a v i t a l  r o l e  in  c o n t r o l l i n g  metabol i sm of  
c a r b o h y d r a t e s ,  f a t s ,  and p r o t e i n s .  When 
in ad e q u a te  amounts o f  i n s u l i n  a re  p roduced,  
d i a b e t e s  r e s u l t s .
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22.  i n s u l i n  r e a c t i o n  
(shock)
23. I s l e t s  of
Langerhans
24. ketone
25. l i v e r
26. metabol ism
27. neu ropa thy
28.  nephropathy
29.  obese




A c o n d i t i o n  which r e s u l t s  from a blood 
suga r  which i s  t o o  low (hypoglycemia) .  The 
most common cause  i s  an ove r -dose  o f  i n s u l i n .  
The symptoms a r e  u s u a l l y  r a p i d  in  o n s e t ,  t h e  
p a t i e n t  may complain o f  n e rv o u s n e s s ,  hunge r ,  
v i s u a l  d i f f i c u l t y ,  o r  p e c u l i a r  s e n s a t i o n s  such 
as  t i n g l i n g .  To t h e  o b s e r v e r  he may appear  
e x c i t e d  or  i n t o x i c a t e d .  The sk in  appears  
c o o l ,  m o i s t ,  and p a l e .  He u s u a l l y  has normal 
pu l se  r e s p i r a t i o n s  and blood p r e s s u r e .  With a 
s low er  onse t  from t h e  long  a c t i n g  i n s u l i n s ,  
t h e  r e a c t i o n  may s t a r t  w i th  headache ,  
d i z z i n e s s ,  and f a t i g u e .  I f  u n t r e a t e d ,  s e v e re  
i n s u l i n  r e a c t i o n s  may p r o g re s s  t o  s t u p o r ,  
coma, and c o n v u l s i o n s .
Microscopic  groups o f  c e l l s  in  t h e  panc reas  
in  which i n s u l i n  and glucagon a re  produced ,  
( a lpha  and b e ta  c e l l s )
In te r m e d ia r y  p r o d u c t s  in t h e  combust ion o f  
f a t s .  Formed d u r in g  t h e  abnormal metabol ism 
o f  d i a b e t i c  k e t o a c i d o s i s .
Major organ t h a t  e x e r c i s e s  t h e  p r i n c i p a l  
c o n t r o l  o f  t h e  pathways t h a t  n u t r i e n t s  t a k e .
The conv e rs io n  o f  foods  i n t o  energy f o r  
c i r c u l a t i o n ,  r e s p i r a t i o n ,  m uscu la r  a c t i o n ,  
g l a n d u l a r  s e c r e t i o n ,  and a l l  o t h e r  l i v i n g  
p r o c e s s e s  o f  t h e  body.
A d i s o r d e r  o f  t h e  nervous  system p r e s e n t i n g  
symptoms o f t e n  i n v o l v i n g  l o s s  o f  s e n s a t i o n  or  
numbness.
A d e g e n e r a t i v e  k idney  d i s o r d e r  found in  some 
p a t i e n t s  wi th  l o n g - s t a n d i n g  d i a b e t e s .
Being overweight  o r  e x c e s s i v e l y  f a t .  That i s ,  
weighing more t h a n  20% over  your  recommended 
w e ig h t .  Most e x c e s s i v e  weight  r e p r e s e n t s  
s t o r e d  f a t .
T a b l e t s  which w i l l  he lp  lower blood suga r  when 
t ake n  by mouth. C h i e f l y  u se fu l  in  some 
m a t u r i t y  on s e t  d i a b e t i c s .
A l a r g e  gland in  t h e  upper  abdomen which 
s e c r e t e s  d i g e s t i v e  j u i c e s  i n t o  t h e  i n t e s t i n e ;  
and s e c r e t e s  two hormones, i n s u l i n  ( from t h e  
b e ta  c e l l s )  and glucagon  (from t h e  a lpha
Ill
32.  r e t i n o p a t h y
33. s o m a t o s t a t i n
c e l l s ) .
Disease  of  t h e  r e t i n a  o r  t h e  organ o f  s i g h t .  
At t h e  back o f  t h e  e y e b a l l ,  t h e  r e t i n a  i s  
p laced  l i k e  t h e  f i l m  in  a camera.  I t  i s  fed 
by a system o f  blood v e s s e l s ,  some o f  which 
can be v i s u a l i z e d  by a s p e c i a l  o p t i c a l  
i n s t r u m e n t .  In d i a b e t e s ,  l o c a l  blood v es se l  
d e g e n e r a t i o n  and a s s o c i a t e d  r e t i n a l  damage i s  
termed " r e t i n o p a t h y " .
A hormone produced in  t h e  hypothalamus ,  pan­
c r e a s ,  and p o s s i b l y  t h e  g a s t r o i n t e s t i n a l  
t r a c t ,  which was found t o  i n h i b i t  t h e  r e l e a s e  
o f  growth hormone by t h e  a n t e r i o r  p i t u i t a r y  
g l an d .  I t  has been employed e x p e r i m e n t a l l y  
in  d i a b e t i c  an im a ls  and humans t o  c o u n t e r a c t  
h yperg lycem ia ,  p r e v e n t  k e t o a c i d o s i s ,  and 
a l l e v i a t e  o t h e r  s ig n s  o f  d i a b e t e s .
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The e f f e c t  o f  a tw e lve  week e x e r c i s e  program on 
f i t n e s s  l e v e l s  and blood g lu c o s e  of  Type II D i a b e t i c s  
and overw eigh t  i n d i v i d u a l s .
You a re  be ing  asked t o  p a r t i c i p a t e  in a r e s e a r c h  
s t u d y .  We hope t o  l e a r n  how d a i l y  e x e r c i s e  e f f e c t s  
b lood  p r e s s u r e ,  blood g l u c o s e ,  o b e s i t y ,  h e a r t  r a t e ,  
p h y s ic a l  working c a p a c i t y ,  s t r e n g t h  and m uscu la r  
e n d u ra n c e ,  f l e x i b i l i t y  and o t h e r  measurements  o f  
p h y s i c a l  f i t n e s s .
Because you a r e  an a d u l t ,  a p p a r e n t l y  h e a l t h y ,  
o v e r w e ig h t ,  and s e d e n t a r y ;  you have been r e c r u i t e d  as 
a s u b j e c t .
I f  you d e c id e  t o  p a r t i c i p a t e  as a v o l u n t e e r ,  you w i l l  
be asked t o  ge t  medical  c l e a r a n c e  from y o u r  pe rsona l  
p h y s i c i a n .  I f  m e d i c a l l y  c l e a r e d ,  you w i l l  have t h e  
f o l l o w i n g  t e s t s  a d m i n i s t e r e d  t o  you:
Height
R e s t in g  Hear t  Rate 
3 Minute St ep  Tes t  
Blood Glucose T es t  
Timed S i t -U p s  (1 min)
S k i n fo l d  C a l i p e r  Measurements
(3 s i t e s  f e m a le ,  4 s i t e s  male) 
Submaximal Ergometer  Tes t
Weight
R e s t in g  Blood P r e s s u r e  
F l e x i b i l i t y  Tes t  
Bench P re s s  (Men-85 l b s ,  
Women-35 l b s )
A f t e r  be ing  t e s t e d  you w i l l  p a r t i c i p a t e  in a r e g u l a r  
(3 d a y s /w e e k ) ,  p r o g r e s s i v e  e x e r c i s e  program l a s t i n g  
a p p ro x im a te ly  50 m i n u t e s / d a y .  The e x e r c i s e s  w i l l  
i n c l u d e  a p p ro x im a te ly  10 m in u tes  o f  warm-up w i th  
f l e x i b i l i t y  and s t r e t c h i n g  e x e r c i s e s ,  20-25 m in u tes  
o f  c a r d i o v a s c u l a r  c o n d i t i o n i n g ,  12-15 m in u tes  o f  
s t r e n g t h  c a l i s t h e n i c s ,  and a s h o r t  cool-down p e r i o d .
The program w i l l  s t a r t  ou t  e a s i l y  w i th  a few 
r e p e t i t i o n s  and minimal work, however ,  p r o g r e s s i n g  
weekly t o  high l e v e l s  o f  work. You a re  asked t o  
a t t e n d  70% o f  t h e  t im e  bo th  f o r  exp e r im e n ta l  and 
s a f e t y  r e a s o n s .
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The t e s t i n g  w i l l  t a k e  p l a c e  a t  t h e  b e g in n in g ,  s i x  
weeks i n t o  t h e  e x e r c i s e  program, and a t  t h e  end of  
t h e  12 week e x e r c i s e  program. September  th rough 
December.
RISKS: Anytime a d u l t s  e x e r c i s e  t h e r e  i s  a p o t e n t i a l  r i s k .
The medical  c l e a r a n c e  and ph y s ic a l  f i t n e s s  e v a l u a t i o n  
a t t e m p t s  t o  d e f i n e  l i m i t a t i o n s  or  c o n t r a i n d i c a t i o n s .  
While t e s t i n g  o r  e x e r c i s i n g  t h e r e  i s  always a r i s k  of  
t r i p p i n g  o r  f a l l i n g .  Muscle s o r e n e s s  and s t i f f n e s s  
u s u a l l y  occurs  in beg inn ing  e x e r c i s e r s .  Ove rexer t ion  
can r e s u l t  in  nausea a n d /o r  f a i n t i n g .  Every e f f o r t  
w i l l  be made t o  m on i to r  e x e r c i s e  i n t e n s i t y  and to  
p rov ide  s a f e  l e a d e r s h i p  and s u p e r v i s i o n ,  and t o  
s a f e g u a rd  your  h e a l t h ,  a l t h o u g h  you a g re e  t o  look to  
your  pe rsona l  p h y s i c i a n  f o r  medical  c a r e  and 
t r e a t m e n t .
BENEFITS: There a r e  obvious  b e n e f i t s  t o  t h i s  r e s e a r c h .  The
d a ta  w i l l  document t h e  v a lue  o f  e x e r c i s i n g  and 
p a r t i c i p a t i n g  in  p h ys ic a l  a c t i v i t y .  S o c i e t y  i s  
p r e s e n t l y  p reoccup ied  wi th  phys ica l  f i t n e s s  and t h i s  
r e s e a r c h  w i l l  i d e n t i f y  p h y s i o l o g i c a l  b e n e f i t s  a n d /o r  
l i m i t a t i o n s .  Assuming t h e  b e n e f i t s  o f  e x e r c i s e  
outweigh t h e  c o n t r a i n d i c a t i o n s ,  s u b j e c t s  w i l l  
t h em se lves  ge t  t h e  b e n e f i t s  o f  d a i l y  e x e r c i s e .
CONFIDENTIALITY: S u b j e c t s ' s  c o n f i d e n t i a l i t y  w i l l  be m a in ta ine d  by 
keep ing  s u b j e c t s  f i l e s  in a locked  f i l e .  Only 
r e s e a r c h  pe rsonne l  w i l l  have a c c e s s  t o  t h e  f i l e s .  
S t a t i s t i c a l  d a t a  in  computer f i l e s  a r e  coded. Names, 
a d d r e s s e s ,  and t e l e p h o n e  numbers w i l l  not  be r e l e a s e d  
w i th o u t  s u b j e c t s  p e rm i s s i o n .  Photographs  remain in 
t h e  s u b j e c t s  f i l e .  At t h e  c o n c lu s i o n  o f  t h e  s t u d y ,  
s u b j e c t s  l e a v i n g  t h e  s tudy  w i l l  have t h e i r  f i l e s  
d e s t r o y e d  a f t e r  d a t a  i s  summarized and i d e n t i f i c a t i o n  
d e s t r o y e d .
RIGHT TO REFUSE
OR WITHDRAW: You may r e f u s e  t o  p a r t i c i p a t e  in any p a r t  o f  t h i s
s tudy  and you may change y o u r  mind about  be ing  in  t h e  
s tudy  and wi thdraw a f t e r  t h e  s tudy  has s t a r t e d .  
Inade qua te  a t t e n d a n c e  w i l l  r e s u l t  in  your  be ing  
dropped from t h e  s tudy  w i t h o u t  any reimbursement  o f  
fu n d s .
QUESTIONS: Any q u e s t i o n s  you had abou t  t h e  s t u d y ,  i t s  pu rpose ,
d e s i g n ,  m ethodo logy ,  p r o c e d u r e s ,  o r  s i g n i f i c a n c e  have 
been answered t o  your  s a t i s f a c t i o n .  I f  you have 
a d d i t i o n a l  q u e s t i o n s  l a t e r ,  Dr. Golding o r  h i s  
a s s i s t a n t s  w i l l  be happy t o  answer them a t  209 MPEC, 
739-3766.
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Your s i g n a t u r e  below i n d i c a t e s  t h a t  you have dec ided 
t o  v o l u n t e e r  as a r e s e a r c h  s u b j e c t  and t h a t  you have 
read t h e  i n fo rm a t io n  p rov ided above and unders tand  




S i g n a tu r e  o f  P a r t i c i p a n t
S i g n a tu r e  o f  Witness
WITNESS NAME (PRINT):
SCHOOL OF HEALTH, PHYSICAL EDUCATION.
RECREATION AND DANCE
EXERCISE PHYSIOLOGY LABORATORY
Consent to Participate in a Research Study 
University of Nevada, Las vegas
TITLE OF STUDY: The effect of a twelve week exercise program on fit­
ness levels and blood glucose of Type II Diabetics and overweight 
individuals.
PURPOSE: You are being asked to participate in a research study. We
hope to 'learn if there is a difference in the physical fitness levels 
of Type II Diabetics and a similar apparently healthy population. This 
is the first step in determining exercise programs for diabetics.
SUBJECTS: Because you are an adult and a Type II Diabetic you have been
recruited as a subject.
PROCEDURES: If you decide to participate as a volunteer, you will be
asked to get medical clearance from your personal physician. If medically 
cleared, you will have the following tests administered to you:
Height and Weight
Resting Blood Pressure




Resting Heart Rate 
Skinfold Caliper Measurements 
(3 Sites female, 4 Sites male) 
Flexibility
Timed Sit-Ups (One Minute)
After being tested you will participate in a regular (3 days/week), 
progressive exercise program lasting approximately 50 minutes/day.
The exercises will include approximately 10 minutes of warm-up with 
flexibility and stretching exercises, 20-25 minutes of cardiovascular 
conditioning, 12-15 minutes of strength calisthenics, and a short 
cool-down period.
The program will start out easily with a few repetitions and minimal 
work, however, progressing weekly to high levels of work. You are 
asked to attend 70% of the time both for experimental and safety reasons.
S.
The testing will take place at the beginning, six weeks into the exercise 
program, and at the end of the 12 week exercise program. September 
through December.
RISKS: Anytime adults exercise ther is a potential risk. The medical
clearance and physical fitness evaluation attempts to define limitations 
or contraindications. While testing or exercising there is always a 
risk of tripping or falling. Muscle soreness and stiffness usually 
occurs in beginning exercisers. Over-exertion can result in nausea 
and/or fainting. Every effort will be made to monitor exercise intensity
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and to provide safe supervision, and to safeguard your health, although 
you agree to look to your personal physician for medical care and 
treatment. The test battery is a sub maximal one.
BENEFITS: There are obvious benefits to this research. No physical
fitness norms have been established for the diabetic population.
Norms will enable diabetics to compare their fitness level with others, 
it will also give a starting point for an exercise program and will 
enable participants to measure improvement in fitness due to exercise.
CONFIDENTIALITY: Subject's confidentiality will be maintained by
keeping subject's files in a locked file. Only research personnel 
will have access to the files. Statistical data in computer files are 
coded. Names, addresses and telephone numbers will not be released 
without the subject's permission. At the conclusion of the study, or 
when subjects leave the study, their files will be destroyed after 
data is summarized.
RIGHT TO REFUSE OR WITHDRAW; You may refuse to participate in any 
part of this study and you may change your mind about being in the 
study and withdraw after the study has started.
QUESTIONS; Any questions you had about the study, its purpose, design, 
methodology, procedures, or significance have been answered to your 
satisfaction. If you have additional questions later, research personnel 
will be happy to answer them.
Your signature below will indicate that you have decided to volunteer 
as a research subject and that you have read the information provided 





PARTICIPANT'S NAME (PRINT): __________________________________________
WITNESS NAME (PRINT): ________________________________________________
PLEASE NOTE:
Copyrighted materials in this document have 
not been filmed at the request of the author. 
They are available for consultation, however, 
in the author’s  university library.
These consist of pages:
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Physical Activity Readiness Questionnaire (PAR-Q)
UMI
HEALTH HISTORY AND MEDICAL QUESTIONAIRE
DATE: ______________________
I.  NAME: ______________________________  TELEPHONE: _______________________
ADDRESS: ________________________________________________________________





I I .  HEALTH HISTORY -  Respond "yes"  o r  "no" t o  t h e  fo l l o w i n g  
q u e s t i o n s :
Have you e v e r  had: Do you p r e s e n t l y  have:
______________________  High Blood P r e s s u r e  ___________________
______________________  Low Blood P r e s s u r e  ___________________
______________________  Hear t  D isease  ___________________
______________________  D ia b e te s  ___________________
______________________  Hypoglycemia ___________________
______________________  Thyro id  D isease  ___________________
______________________  Pulmonary (Lung) D isease  ___________________
______________________  E p i l e p s y  ___________________
______________________  A r t h r i t i s  ___________________
______________________  O bes i ty  ___________________
______________________  Anorexia  Nervosa ___________________
______________________  A l l e r g i e s  __________________ _
______________________  Asthma ___________________
______________________  P e r s i s t a n t  Headaches ___________________
  Other___________________________________________
I DO DO NOT ( C i r c l e )  t a k e  m e d ic a t io n  f o r  t h e s e  o r  any o t h e r  
medical  c o n d i t i o n .
I f  s o ,  p l e a s e  i n d i c a t e  t h e  t y p e  and dosage .
. PHYSICAL FITNESS HISTORY
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P le a s e  f i l l  in t h e  a p p r o p r i a t e  b locks  r e g a r d in g  your  
phys ica l  a c t i v i t y  upon e n t e r i n g  the  c l a s s .
1. I e x e r c i s e    days pe r  week
a v e ra g in g  ___________________  minutes  pe r  s e s s i o n .
2. My a ve rage  workout  i n t e n s i t y  i s :
Very L igh t  ______ L igh t    Moderate   Heavy______
Very Heavy _______
3. My e s t i m a t i o n  o f  my f i t n e s s  l eve l  i s :
Very P o o r ________  Poor   F a i r   Good_____
E x c e l l e n t  ______________
B r i e f l y  d e s c r i b e  what a c t i v i t i e s  you r  pe rsona l  f i t n e s s  
program i n c l u d e s :
MEDICAL QUESTIONNAIRE
1. I HAVE HAVE NOT ( C i r c l e )  e v e r  been adv ised  t o  avoid
e x e r c i s e .
2. I DO DO NOT ( C i r c l e )  smoke.
I f  y e s ,  I smoke  packs pe r  day.
3.  I HAVE HAVE NOT ( C i r c l e )  e v e r  e x p e r i e n c e d  f a i n t i n g  or
d i z z y  s p e l l s .
4 .  I HAVE HAVE NOT ( C i r c l e )  e v e r  had d i f f i c u l t y
b r e a t h i n g .
5. I DO DO NOT ( C i r c l e )  have any o t h e r  h e a l t h  c o n d i t i o n  t h a t  
might  l i m i t  my p a r t i c i p a t i o n  in  ph y s ic a l  a c t i v i t y ,  ( i . e .  
p r egna nc y ,  bone and j o i n t  d i s a b i l i t i e s  e t c . )  I f  s o ,  l i s t :
S i g n a tu r e
APPENDIX C
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AEROBIC ENDURANCE EXERCISE PROGRAM
WORKLOAD: 60-75% Hear t  Rate  Reserve 
WARM-UP: 10 min.
1. In h a l e /E x h a l e  -  4-6 reps
2. S t r e t c h  Overhead and rope cl imb t o  r e l e a s e  s t r e t c h  arms
3. Shoulder  r o l l  f r o n t / b a c k  -  8 reps
4.  Waist bends - 10 reps
5. Side  bends -  10 rep s
6. S t r e t c h  Hamstr ings and C a l f s  ( s t a n d i n g  Hamstr ing and g a s t r o c .  
s t r e t c h )
7.  Walk on Heels t o  s t r e t c h  t i b i a l i s  a n t e r i o r  and s o le u s
8.  Raise  knees t o  c h e s t  -  30 reps
9.  Raise  knees t o  c h e s t  with arms in f r o n t  -  30 reps
10. R a ise  knees t o  c h e s t  wi th  arms overhead -  30 reps
11. Take Hear t  Rate
CARDIOVASCULAR ENDURANCE:
WEEK 1 a  2: 15 min. WEEK 7 a  8: 20 min.
WEEK 3 a  4: 18 min. WEEK 9 a  10: 22 min.
WEEK 5 a  6:  20 min. WEEK 11 a  12: 25 min.
Combined s t e p p i n g ,  m arch ing ,  s t r i d e s ,  arm e x e r c i s e s ,  and v a r i o u s  • 
rhy thmic  d a n c e - e x e r c i s e  movements a l l  cho reographed  t o  t h e  bea t  of  
t h e  mus ic .  Low-Impact movements a re  emphasized ( p a r t i c i p a n t s  w i l l  
not  jog  o r  jump). 15 -  20 second r e s t  between each song. Inc lude  
walking a t  a v a r i e t y  o f  speeds around t h e  gym t o  i n c r e a s e  d u r a t i o n  o f  
workout  from 18 t o  25 m inu tes  ( 6 - 7  m in u tes  o f  b r i s k  w a lk ing ) .
MUSCULAR STRENGTH AND ENDURANCE: 10 -  12 m in u tes
S tand ing  Modif ied Squats  (1 s e t  -  8-10  r e p s )
Modif ied Push-Ups (1 s e t  -  8-10 r ep s )
Abdominal Crunches (1 s e t  -  8-10 rep s )
Abdominal Twis t s  f o r  Obl iques  (1 s e t  -  8-10 r e p s )
Abdominal Crunches (1 s e t  -  8-10 rep s )
Abdominal Twis t s  (1 s e t  -  8-10  r ep s )
S ide Laying l e g  r a i s e s  (1 s e t  -  8-10 r e p s / e a c h  l e g )
Modif ied  Push-Ups (1 s e t  -  8-10 r e p s )
S i t t i n g  Arm e x e r c i s e s  (1 s e t  -  8-10 r e p s ,  5 d i f f e r e n t  arm e x e r i c s e s )
COOL DOWN: 8 min.
Repea t  Warm-up and i n c l u d e  t h r e e  minu tes  o f  walk ing  p r i o r  t o  
s t r e t c h i n g .




A description of the Exercise Program 
and Physical Fitness Testing
This is a supervised, progressive exercise program which meets three 
days a week, Mon. Wed. 4 Fri. The program consists of:
1. A Warm-Up Period: 5-7 minutes of flexibility exercises
disigned to sfritch the muscles, putting the joints through 
their full range of motion. (Bending, stretching, etc.)
2. Aerobic Exercise; Exercise for the heart, lungs and circu- 
nFionr Participants work at 60-65* of tneir maximum heart rate at the beginning of the program and increase to 70-75* during progression. Aerobic exercises are pace walking, aerobic-dance exercise, rhythmic striding & stepping.
3. Muscular Strength and Endurance; Calesthenics are designed to worR~skeIeta1"muscles against the weight of the body. 
Examples are modified push-ups, crunches, leg lifts, etc.
4. Cool-Down; 5-7 minutes of exercises similar to the warm­
up exercises. The purpose is to return the body to its- resting level.
PHYSICAL FIHCSS TESTING
Your personal physician will give you a medical exam to decide whether or not you can participate in the exercise program. His tests are dia­
gnostic and medically evaluative. What tests he gives you depends on his medical judgement.
The tests we will administer at the Exercise Physiology Laboratory are given to evaluate your physical fitness; not to medically screen you. 
The test battery consists of the following:
1. Strength: Sit-Ups, Bench Press.
2. Flexibility: Sit and Reach in inches. (Trunk flexion)
3. Aerobic Fitness: 3 min. step testBicycle ergometer tests (submaximal)
4. Percent Body Fat: Skin folds
5. Resting Measurements: Blood PressureHeart Rate
6. Blood Glucose: Pre and Post Testing (if Diabetic).
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NAME _____________________________________  DATE  /_/___ TIME:
(Last) (First) (M.I.) (Mo)(Day)(Yr)
NOTE: ALL spaces MUST be filled in, if necessary with 0, unless
NO DATA was taken, then leave blank.
Card #1
(1-3) Identification Number
(4) Program (l=Male, 2=Female)
(5-6) Age (Years on day of test)
(7-9) Sitting Systolic Blood Pressure 
(Resting)
(10-12) Sitting Diastolic Blood Pressure 
(Resting)
(13-15) Sitting Heart Rate (Resting)
(16-18) Height in cms. Ht in inches ___
(19-24) Weight in lbs.
(25-29) Weight in kilos
(30-31) Pectoral Skinfold (M)
(32-33) Abdominal Skinfold (M) (F)
(34-35) Midaxilla Skinfold (M)
(36-37) Ilium Skinfold (M) (F)
(38-39) Tricep Skinfold (F)
(40-43) Percent Fat (J.P.-YMCA)
(Men - 4, Women - 3)
(44-46) Target Weight






(4-6) Situps (Number in one minute)
(7-8) Bench Press (Reps - start in
down position § 60 BPI1)
Sub-Max Ergometer Test:
(9-11) 1st Workload used to graph
(12-14) HR at 1st workload used
(15-18) 2nd Workload used to graph
(19-21) HR at 2nd workload used
(22-25) Predicted FWC Max (@ predicted 
maximum HR)
(26-29) FWC Max. kgm/kg (divide last 
number by weight)
(30-32) Predicted VC^ Max (liters) 
frcm graph
(33-36) VO- Max (ml/kg/min) divide 
last number by weight
NOTE: If bench press or situps are zero, fill in 00. If test cannot
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600 kgm  






2 .0  Kp
450 kgm  
1.5 Kp




1050 kgm  
3 .5  Kp
750 kgm 
2 .5  Kp
900 kgm 
3 .0  Kp
Directions:
1. S a t the first w orkload at 150 kgm/min (0.5 Kp).
2. ft th a  HR in th a  third m in is
•  lass  than  (<) 80 , s s t  th a  seco n d  load  a t 750 kgm  (2.5 Kp);
•  80  to 89, s a t  th a  se c o n d  load  a t  600  kgm (2.0 Kp);
•  90 to  100, so t th e  se c o n d  load  a t 450  kgm (1.5 Kp);
•  g rea te r th an  (>) 100, so t th a  seco n d  load a t 300 kgm (1.0 Kp).
3 . Set th e  third a n d  fburthfrf required) loads according to  th a  loads in th a  colum ns below  
th a  seco n d  loads.
Figure 4-18. Guide to ta r in g  workloads oo bicycle crgom ettr .
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BLOOD GLUCOSE SELF-MONITORING SYSTEM
I. PURPOSE:
The Diascan-S  i s  a l i g h t w e i g h t ,  p o c k e t - s i z e d ,  b a t t e r y  
automated Blood Glucose System des ig n e d  f o r  home and c l i n i c a l  
use .  The meter  i s  used wi th  t e s t  s t r i p s  to  measure g lucose  
l e v e l s  in f r e s h ,  whole c a p i l l a r y  and venous blood .  The 
t e c h n i q u e  o f  s e l f - m o n i t o r i n g  blood g lucose  (SMBG) i n v o lv e s  
o b t a i n i n g  a drop o f  blood by a f i n g e r  p r i c k ,  p l a c i n g  th e  drop  
o f  blood on a t e s t  s t r i p  f o r  a s p e c i f i c  p e r io d  of  t im e ,  
wiping the  blood from th e  t e s t  s t r i p ,  and i n s e r t i n g  t h e  s t r i p  
i n t o  the  mete r  f o r  au tom a t ic  r e a d i n g .  The t e s t  s t r i p  can be 
read  v i s u a l l y  wi th  a compared c o l o r  c h a r t  f o r  d e t e r m i n a t i o n  
o f  blood g lucose  w i t h in  a s p e c i f i e d  range .
I I .  TESTING:
1. Wash sk in  a re a  wi th  warm w a te r  and soap.  Dry s i t e  
c o m p le te ly .  DO NOT use a l c o h o l ,  i t  w i l l  r e a c t  wi th  t h e  
t e s t  s t r i p s  and g ive  a f a l s e  r e a d i n g .  Warm w a te r  i s  used 
t o  i n c r e a s e  c i r c u l a t i o n  t o  t h e  hands and f i n g e r s  . . .  i t ' s  
e a s i e r  t o  p r i c k .
2. P re ss  ON b u t t o n . . . 8 8 8  w i l l  a ppear  fo l low e d  by C a l i b r a t i o n  
number, fo l low ed  by SEC.
3.  Remove one t e s t  s t r i p  from c o n t a i n e r ,  be s u re  t o  recap  
c o n t a i n e r  as q u i c k l y  as  p o s s i b l e .  Room a i r  d e s t r o y s  
unused t e s t  s t r i p s .
4 .  Punc ture  sk in  wi th  D i a l e t  Lancing Device or  Lancet  
a lo n e .  P r i c k  t h e  ve ry  t i p  o r  s i d e  of  t h e  f i n g e r ,  c l o s e  
t o  the  n a i l .  Avoid d i r e c t  p u n c tu re  to  t h e  pads o f  the  
f i n g e r s .
5. Milk f i n g e r  and g e n t l y  shake hand u n t i l  a l a r g e  drop of  
blood a p p e a r s .  Obta in a "hanging" drop.
6.  Turn f i n g e r  ove r  and app ly  hanging drop  t o  e n t i r e  s t r i p  
pad.
7. P re ss  TIME b u t t o n .  Meter w i l l  s t a r t  s e l f - t i m i n g .
8.  At 30 seconds t h e  m ete r  w i l l  beep .  Wipe t h e  blood from 
t h e  pad w i th  two qu ick  sweeps o f  a c o t t o n  b a l l  o r  t i s s u e .  
Be c a r e f u l  not  t o  wipe too  h a r d ,  bu t  pad shou ld  be c l e a n .
9.  At 70 seconds  t h e  meter  w i l l  beep a g a i n .  P lace  t h e  t e s t  
s t r i p  in t h e  r ev iewing  chamber wi th  t h e  pad FACING t h e  
m e te r .  Make su re  t h e  s t r i p  i s  co m p le te ly  in  t h e  chamber.
10. At 90 seconds t h e  ineter w i l l  read t h e  pad. 131
11. Remove t h e  t e s t  s t r i p  from m ete r  and compare i t  t o  t h e  
"Meter Check Card".
12. Record in f o r m a t io n .  P r e s s  OFF b u t to n .
. WHEN TO TEST:
D a i ly :
Before Meals
Before  and A f t e r  E x e r c i s e  
Before Bedtime
Idea l  Ta rge t  Blood Sugar Leve ls :
Before  Meals: 70-130 mg/dl
One hour  a f t e r  meal s :  100-180 mg/dl
Two hours  a f t e r  mea ls :  80-150 mg/dl
2AM to  4AM: 70-120 mg/dl
Before  e x e r c i s e  (depends on m e a l s ) .  DO NOT e x e r c i s e  i f  lower 
t h a n  60 mg/dl or  h ig h e r  than  240 m g/d l .  Pos t  e x e r c i s e  blood 
g lu co s e  r e a d i n g s  w i l l  i d e a l l y  be lower than  p r e - e x e r c i s e  
blood g lucose  r e a d i n g s .  Low blood g lucose  can be p reve n ted  
wi th  j u i c e  or  f r u i t  b e f o r e  e x e r c i s e .
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ACCU-CHEK II
PROCEDURES FOR USE OF THE ACCU-CHEK II 3g METER
1. Accu-Ohok II 31ood Glucose Hater
2 .  C h e n s t r i p s  f o r  Accu-Che*: II n e t e r  
J .  l u t o l e t  l an c in g  dev ice
4. D i sposab le  l a n c e t s
5. Cot ton a  Alcohol
I I .  CALIBRATION:
1. C a l i b r a t e  with each new v i a l  o f  Chemstr ips  bG
2. P lace  m ete r  on a f l a t  s u r f a c e
3.  I n s e r t  t h e  p o in te d  end o f  t h e  c a l i b r a t i o n  s t r i p  i n t o
t h e  s l o t  ( c a l i b r a t i o n  compartment) on th e  s u r f a c e  o f  
t h e  m ete r .  The c a l i b r a t i o n  s t r i p  should  touch  t h e  
s u r f a c e  o f  t h e  work a r e a  ( t a b l e  t o p ) .
4 .  P ress  t h e  ON /  OFF b u t to n  t o  t u rn  t h e  meter  on. l l l f l
w i l l  appear  on th e  d i s p l a y  u n i t .  '  f
5. Pick up m e t e r ,  l o c a t e  t h e  p o in te d  end o f  t h e  c a l i b r a ­
t i o n  s t r i p  on t h e  bot tom o f  t h e  meter  and s t e a d i l y  
pu l l  t h e  c a l i b r a t i o n  s t r i p  th rough  t h e  s l o t .  CCC 
w i l l  appear  on th e  d i s p l a y  u n i t  a long  wi th  a beep i f  
t h e  meter  i s  c a l i b r a t e d .  Repeat  a l l  s t e p s  i f  CCC 
does not  appear .
6.  I n s e r t  an unused Chemstr ip  bG in t h e  s t r i p  chamber 
w i th  p l a s t i c  s i d e  f a c i n g  t h e  ON and OFF b u t t o n .
(The s t r i p  shou ld  be i n s e r t e d  u n t i l  i t  r e a c h e s  t h e  
end of  t h e  chamber) .
7 .  P re ss  t h e  Time bu t to n  u n t i l  a beep i s  h e a rd .  888
w i l l  appear  on t h e  d i s p l a y  u n i t  fo l lowed  by a 3-
d i g i t  code .  This  code should  match t h e  code p r i n t e d  
on t h e  Chemstr ip  v i a l  l a b e l .
8 .  Remove t h e  t e s t  s t r i p  from t h e  t e s t  s t r i p  chamber.
9. Cont inue  wi th  t e s t  or  p r e s s  ON /  OFF b u t to n  t o  t u r n  
t h e  meter  o f f .
I I I . T E S T I N G  P R O C E D U R E S : 133
1. P ress  Oil /  OFF b u t t o n ;  333 >./i 11 aopear  f o l I  jwe i :y
a 3 - d i g i t  code number.
2. Wash hands wi th  soap and waver;  l e t  d ry .  Punctu re  
sk in  and o b t a i n  a l a r g e ,  hanging drop of  olood .
3.  Touch t h e  drop o f  blood to  t h e  r ea g e n t  pad of  a t e s t
s t r i p .  Be su re  t o  cover  both p a r t s  of  the  pad. Do
not smear or add a n o th e r  drop .
4. Begin t i m i n g ;  p r e s s  t ime b u t t o n .
5. At e x a c t l y  60 seconds ,  wipe the  blood o f f  the  s t r i p  
wi th  a w h i te  c o t t o n  or  rayon b a l l .  Wipe g e n t l y  
s e v e r a l  t i m e s ,  us ing  a c l e a n  p a r t  of  the  b a l l  each 
t im e .
6. Cont inue  t im in g .
7. At e x a c t l y  two m in u te s ,  read t h e  s t r i p  ( see  d i s p l a y
on t h e  m e t e r ) .
3.  To conf i rm  r e a d i n g ,  match t h e  two c o l o r s  o f  the  r e a ­
gent  pad t o  t h e  c o l o r  b locks  on t h e  i n s i d e  f l a p  of
s t r i p  package.  I f  c o l o r s  on the  s t r i p  match t h o s e  on
one o f  t h e  c o l o r  l abe l  c o l o r  o l o c k s ,  then  t h e  g lucose
l e v e l  i s  c l o s e  to  the  number f o r  t h a t  block .
9. I f  c o l o r  va lu e s  on t h e  s t r i p  a r e  240 mg/gl or  more,
w a i t  one more minute  f o r  f i n a l  r e a d in g  then  r e - t e s t .
IV. HOW CHEMSTRIP Bg TEST STRIPS WORK:
Both t e s t  pads on t h e  r e a g e n t  s t r i p  c o n ta i n  c o l o r  
i n d i c a t o r s ,  and t h e  enzymes g lucose  o x idase  and p e r ­
o x i d a s e .  When blood i s  p laced  on t h e  t e s t  pads,
D-glucose  i s  o x id iz e d  t o  y - D - g lu c o n o l a c t o n e  with g l u ­
cose o x idase  a c t i n g  as a c a t a l y s t .  The hydrogen pe rox ide  
r e s u l t i n g  from t h i s  r e a c t i o n  o x i d i z e s  t h e  i n d i c a t o r s  in 
t h e  p re se nc e  of  p e ro x i d a s e .  The i n t e n s i t y  of  t h e  c o l o r s  
formed i s  p r o p o r t i o n a l  t o  t h e  g lu co s e  c o n c e n t r a t i o n  in  
t h e  specimen.
The s e m i q u a n t i t a t i v e  measurement  o f  g lu co s e  i s  
de te rmined  by v i s u a l  comparison o f  both t e s t  pads on t h e  
s t r i p  wi th  c o l o r  b locks  p rov ided  on t h e  v i a l  l abe l  f o r  
20, 40 ,  80 ,  120,  240,  400,  and 800 mg/dL.
KARVONEN METHOD FOR DETERM DAT I3H
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EXERCISE TRATHING HEART RATE
I .  FORMULA:
1. Determine Maximum Heart  Rate ;  S u b t r a c t  age from ROD.
2. S u b t r a c t  R e s t in g  Heart  Rate from Maximum Heart  Ra te .  
This  r e p r e s e n t s  s u b j e c t ' s  Heart  Rate  Rese rve .
3. M u l t i p ly  Heart  Rate  Reserve by a p p r o p r i a t e  workload
a t  which t r a i n i n g  i s  d e s i r e d  ( .60 t o  .85 r e p r e s e n t s  
60 % t o  85 % o f  maximum h e a r t  r a t e  ) .  60% i s  t h e
t h r e s h o l d  of  t r a i n i n g ,  whi le  85% r e p r e s e n t s  t h e  
upper  l i m i t  o f  t r a i n i n g .
4.  Re-add s u b j e c t ' s  r e s t i n g  h e a r t  r a t e .  This  va lue  
i s  t h e  " t a r g e t  h e a r t  r a t e "  or  " t r a i n i n g "  HR.
5. Divide t r a i n i n g  h e a r t  r a t e  by 6 t j  f i n d  th e  pu l se  
count  f o r  10 seconds ,  ( i e .  a t r a i n i n g  h e a r t  r a t e  of  
140 would y i e l d  23.33 b e a t s  in 10 s e c o n d s ) .
I I .  EXAMPLE: A 30 y e a r  old s u b j e c t  with a r e s t i n g  h e a r t  r a t e  of
60 b e a t s  pe r  m inu te ;  workload = 70% o f  maximum HR.
= 220
Minus S ub je c t  Age_______________________________________ - 30
Maximal Heart  Rate  ( b e a t s  pe r  minute)  
Minus R e s t in q  Heart  Rate
= 190 
- 60
Heart  Rate Reserve = 130
M u l t ip ly  by C o n d i t io n in g  I n t e n s i t y  (% HR Range) x .70
= 91
Reapply R es t inq  Hear t  Rate + 60
T r a in in g  Heart  Rate a t  70% = 151
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APPENDIX E
RATING OF PERCEIVED EXERTION 
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Pre and p o s t - e x e r c i s e  f i t n e s s  l e v e l s  of  d i a b e t i c  and n o n - d i a b e t i c  










SI TUP 3ENCH 





1. F 30 70.0 37.5 132 16 0 25 916 13.15 2.3 33.4
? .  F 31.2 40.0 140 12 4 17 405 6.1 1.37 15.9
3.  F 72 34.5 39 .3 145 5 6 QC. 500 5.9 1.3 15.3
4.  H 74 73.13 27.5 109 7.5 0 0t_ 750 0.6 1.95 24.0
5. M 80 71.36 28.6 124 12 14 30 700 9.7 1.6 22.8
6. F 90 112.4 40 .6 — 15.5 23 25 700 6 .2 1.84 16.4
7. F 79 82.6 38.3 121 18 30 10 831 10.1 2.0 23.8
3.  F 73 81.1 37 .5 — 13.5 23 6 647 3.0 1.6 19.6
9.  F 75 68.2 30 .2 121 16 25 12 795 11.7 1.9 27.8
10. F 93 39.3 39 .2 130 21 24 17 791 3.85 2.04 22.9
11. F 70 59.5 30.4 113 22.5 14 13 900 15.1 2.29 38.5
12. F 88 92.1 41 .9 — 13 10 3 600 6.7 1.5 16.6
13. F 84 79.8 37 .8 151 20 20 25 829 10.71 2.13 27 .5
X 79.7 80 .8 36.1 128.6 15 .2  14.8  14.3 727.2 9.37 1.83 23.5
SD 6.9 12.5 4 .3 13.0 5 .0  9 .8  8 .9  
POST-EXERCISE VALUES









SITUP BENCH PWC 





1. 31 69.7 34.6 124 16 0 20 1125 16.0 2.55 36 .4
2. 80 77.7 39 .8 130 14. 2 18 — 692 8 .9 1.7 21.7
3. 66 82.1 39 .8 137 9 16 13 675 8 .2 1 .6 20.1
4. 67 77.7 24.9 108 13 23 2 726 9.3 1.9 24.4
5. 82 71.7 27.9 117 12 20 33 916 12.7 2 .32 32.4
6. 78 109.3 41 .2 141 17 22 38 1100 10.1 2 .5 22.9
7. 70 77.1 27.6 109 20 36 16 920 11.9 2.1 27 .8
8. 67 76.9 36 .6 — 18. 7 27 18 608 7 .5 1.63 20.1
9. 74 72.3 28.9 107 21. 5 35 30 1177 16.25 2 .92 40.3
10. 84 87.7 40 .5 116 23. 5 29 16 1050 11.95 2.64 29 .9
11. 70 61 .2 29.1 98 22. 5 20 25 918 15.0 2.1 34 .9
12. 88 90 .2 41 .9 122 15 17 15 778 8 .6 2.02 22.3
13. 78 75.5 29.6 140 21 27 21 847 11.21 2.17 28.8
X 75.8 79.2 34 .0 120.8 17 .2 22.3 20.6 887.1 11.35 2.17 27.8
SD 7.0 11.3 6 .0 13.5 4 .3 8 .9 9.3 178.8 2.85 0 .39 6 .4
t e e  ' y e a r s )
Height  ( cm)
Weight ( l b s / k g )
Blood P r e s s u r e  (Mg inches )
R e s t in g  Heart  Rate  (BPM)
S k i n f o l d s
P e c to r a l  
Abdomi nal 
Midaxi11 a 
II i urn 
T r ic e p
Weight -  Fat 
Weight -  Lean
P e rce n t  Fat  { % )
F i t n e s s  T e s t i n g
Step Tes t  (BPM) 
F l e x i b i l i t y  
S i t -Ups  
Bench P ress  





P r e d i c t e d  PWC
PWC (kgm/kg)




Subject: LH Attendance: 55',
9 / 9 /3 3  12/15/33
t l  Date T2 Date
52 52
157 157








































Age ( y e a r s )
Ha i gh t  (cm)
Weight ( l b s / k g )
Blood P r e s s u r e  ( Hg in ches )
R e s t ing  Heart  Rate  (3PM)
S k in fo ld s
P e c to r a l  
.Abdominal 
M id a x i l l a  
11 i um 
Tr ic e p
Weight - Fat  
Weight - Lean
P e rce n t  Fat  { % )
F i t n e s s  T e s t i n g
Step Tes t  (BPM) 
F l e x i b i l i t y  
S i t -U ps  
Bench P ress  
Ergometer  Tes t
Workload 1 
Hear t  Rate
Workload 2 
Heart  Rate
P r e d i c t e d  PWC
PWC (kgm/kg)




Subject: SS ittenodnca: OS
9 / 3 / 3 3  1 2 / 1 5 / 3 3
T1 Date  T2 Date
54 51
153 153










































Diabetic Subject: AS Attendance: 753
9 / 1 5 / 8 3 12 /15/83
T1 Date T2 Date
Age ( y e a r s )  5 2  5 2
Height  (cm) 152 152
Weight ( l b s / k g )  ' 157/71.35 158/71.70
Blood P r e s s u r e  (Hg inches )  147/90 135/91
Res t ing  Heart  Rate (BPM) 30 32
Sk in fo ld s
P e c to r a l  20 20
Abdominal 39 38
M id a x i l l a  24 22
Il ium 39 36 .2
T r ic e p  12.2  8
Weight -  Fat  44 .9  44 .08
Weight -  Lean 112.1 114.078
P e r c e n t  Fat  (%) 28.6  27.9
F i t n e s s  T e s t i n g
Step Tes t  (BPM) 124 117
F l e x i b i l i t y  12.0  12.0
S i t -U ps  14 20
Bench P re s s  30 33
Ergometer  Tes t
Workload 1 300 150
Heart  Rate  128 117
Workload 2 450 300
Heart  Rate 148 127
P r e d i c t e d  PWC 700 916
PWC (kgm/kg) 9 .7  12.7
P r e d i c t e d  V02 Max 1.60  2.32
V02 Max (ml /kg)  22 .8  32 .4
Training Heart Rate 133 142
141
O i a o a t i c  S u o j e c t :  HO A t t e n d a n c e :  943
9 / 3 / 8 . 1  1 2 / 1 5 / 3 3
T1 Date  T2 Date
Age ( y e a r s )  67 67
He i gh t  ( cn)  130 130
Weight  ( l b s / k g )  1 7 2 . 0 / 7 3 . 1 3  1 7 1 . 0 / 7 7 . 7
Blood P r e s s u r e  (Hg i n c h e s )  124/70 123/30
R e s t i n g  : j a r t  Ra t e  (B°M) 74 67
Sk i n f o l d s
P e c to r a l  17.5 15
Abdominal 38 .5  35
M id a x i l l a  20 .5  15.5
I l ium 27 .5  25.5
T r icep  21 15
Weight -  Fat  47.025  42.579
Weight -  Lean 123.975 128.421
P e rc e n t  Fat  (%) 27.5  24.9
F i t n e s s  T e s t i n g
Step Tes t  (BPM) 109 103
F l e x i b i l i t y  7 .5  13.0
S i t -U ps  0 23
Bench P r e s s  2 2
Ergometer  Tes t
Workload 1 300 450
Hear t  Rate 123 118
Workload 2 450 600
Hear t  Rate 133 137
P r e d i c t e d  PWC 750 726
PWC (kgm/kg) 9 .6  9 .3
P r e d i c t e d  V02 Max 1.95  1.90
V02 Max (ml /kg)  24 .9  24 .4
Training Heart Rate 121 127
142
Diaoetic Subject: ML Attendance': ' 53H
9 / 3 / 3 3  1 2 / 1 5 / 3 3
I I  Da te  T2 Date
Age ( y e a r s )  56 57
He i g h t  f en)  155 155
Weight  ( l b s / k g )  1 7 9 / 8 1 . 2  1 7 1 / 7 7 . 7
Blood P r e s s u r e  (Hg i n c h e s )  140/32 122/30
R e s t i n g  . a r t  Ra t e  (BPM) 73 30
S k i n f o l d s
P e c t o r a l
Abdominal 43 50
Midaxi11a
Il ium 32 45
T r i c e p  43 22
Weight -  Fat  71 .6  68 .0
Weight -  Lean 107.4 103.0
P e rce n t  Fat  [ % )  40 .0  39 .8
F i t n e s s  T e s t i n g
Step Tes t  (BPM) 140 130
F l e x i b i l i t y  12 14.2
Si t -U ps  4 18
Bench P re s s  18 ( I n j u r y )
Ergometer  Tes t
Workload 1 150 150
H ear t  Rate 118 116
Workload 2 300 300
Hear t  Rate  138 129
P r e d i c t e d  PWC 495 692
PWC (kgm/kg) 6 .1  8 .9
P r e d i c t e d  V02 Max 1.37 1.70
V02 Max (ml /kg)  15 .9  21.7
Tra ining Heart Rate 130 138
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‘Ion-Diabetic Subject: FL Attendance: 1D0A
9 / 6 /8 3  12 /02/83
T1 Date T2 Date
Age ( y e a r s )  55 66
Height  (cm) 160 153
Weight ( Ibs /kgzO 17 8 .4 /3 1 .1  16 9 .6 /7 5 .9
Blood P r e s s u r e  (Hg inches )  143/79 149/91
R e s t in g  Hear t  Rate (BPM) 73 67
S k in fo ld s
P e c to ra l
Abdominal 44 43
M id a x i l l a
I l ium 39 36
T r ic e p  17 13
Weight -  Fat  66 .9  62 .0
Weight -  Lean 111.5 107.6
P e r c e n t  Fat  (%) 37 .5  36 .6
F i t n e s s  T e s t i n g
Step  Tes t  (BPM)
F l e x i b i l i t y  13.5  13.7
S i t -U ps  23 27
Bench P r e s s  6 13
Ergometer  Tes t
Workload 1 450 300
Hear t  Rate  134 118
Workload 2 600 450
Hear t  Rate  150 136
P r e d i c t e d  PWC 647 603
PWC (kgm/kg) 8 .0  7 .5
P r e d i c t e d  V02 Max 1.60  1.63
V02 Max (ml /kg)  19.6 20.1
Training Heart Rate 122 128
144
'Jon-Di abeti c Subject: RR Attendance: 693
9 / 2 /3 3  12 /03/83
T1 Date T2 Date
Age ( y e a r s )  63 63
Height  (cm) 163 156
Weight ( l b s / k g )  201 /91 .2  198 .9 /90 .
31ood P r e s s u r e  (mn/Hg) 123/36 152/96
R es t ing  Heart  Rate (BPM) 33 83
S k in fo ld s
P e c to r a l
Abdominal 49 43
M id a x i l l a
I l ium 51 55
T r ic e p  ' 34 37
Weight -  Fat  84 .2  83 .3
Weight -  Lean 116.8 115.5
P e rc e n t  Fat  (%) 41 .9  41 .9
F i t n e s s  T e s t in g
Step Tes t  (BPM) 122
F l e x i b i l i t y  13.0  15.0
S i t -U ps  10 17
Bench P r e s s  8 15
Ergometer  Tes t
Workload 1 150 150
Hear t  Rate 115 111
Workload 2 300 300
Hear t  Rate 129 122
P r e d i c t e d  PWC 600 778
PWC (kgm/kg) 6 .7  8 . 6
P r e d i c t e d  V02 Max 1.50  2 .02
V02 Max (ml /kg)  16.6 22.3
Training Heart Rate 129 136
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•lon-Di abet i c Subject: RG Attendance: 94%
9 /1 2 /8 3  12 /05 /88
T1 Date T2 Date
Age ( y e a r s )  33 33
Height  (cm) 170 159
Weight ( l b s / k g )  1 8 1 .7 /8 2 .6  17 0 .0 /7 7 .1
Blood P r e s s u r e  (mn/Hg) 120/65 113/75
R e s t in g  Heart  Rate  (BPM) 79 70
S k in fo ld s
P e c to r a l
Abdominal 45 25
M id a x i l l a
I l ium 47 24
T r ic e p  22 18
Weight -  Fat  69 .59 46 .92
Weight -  Lean 112.11 123.09
P e rc e n t  Fat  { % )  38 .3  27.6
F i t n e s s  T e s t in g
Step Tes t  (BPM) 121 109
F l e x i b i l i t y  18.0  20.0
S i t -U ps  30 36
Bench P r e s s  10 16
Ergometer  Tes t
Workload 1 450 300
H ear t  Rate 126 125
Workload 2 600 450
H ear t  Rate  150 140
P r e d i c t e d  PWC 831 920
PWC (kgm/kg) 10.1 11.9
P r e d i c t e d  V02 Max 2 .0  2.1
V02 Max (ml /kg)  23 .8  27 .8
Training Heart Rate 144 152
Non-Diabet i c S u b je c t :  AM Attendance :  38%
9/02 /33 12/08 /33
T1 Date T2 Date
Age ( y e a r s ) 34 34
Height  (cm) 172 159
Weight ( l b s / k g ) 1 5 0 .0 / 6 8 .2 1 5 9 .3 /72 .3
Blood P r e s s u r e  (mm/Hg) 95/67 110/64
R e s t in g  Hear t  Rate  (BPM) 75 74
S k i n f o l d s
P e c to r a l
Abdominal 22 27
Midaxi11a
11 ium 34 21.5
T r ic e p 18 20.5
Weight -  Fat 45.30 46.03
Weight -  Lean 104.7 113.3
P e r c e n t  Fat  (%) 30 .2 28.9
F i t n e s s  T e s t in g
Step  T e s t  (BPM) 121 107
F l e x i b i l i t y 16.0 21.5
S i t -U ps 25 35
Bench P ress 12 30
Ergometer  T es t
Workload 1 300 450
Hear t  Rate 120 123
Workload 2 450 600
Hear t  Rate 140 136
P r e d i c t e d  PWC 795 1177
PWC (kgm/kg) 11.70 16.25
P r e d i c t e d  V02 Max 1.90 2 .92
V02 Max (ml /kg) 27.8 40 .3
T r a i n i n g  Hear t  Rate 142 152
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Non-Diabetic Subject: SO Attendance: 36%
9 /0 1 /3 8  2 /12 /88
T1 Date T2 Date
Age ( y e a r s )  38 38
Height  (cm) 164 166
Weight ( l b s / k g )  1 3 0 .9 / 5 9 .5  1 3 5 .0 / 6 1 .2
Blood P r e s s u r e  (mm/Hg) 100/73 90/70
Re s t in g  Heart  Rate (BPM) 70 70
S k i n f o l d s
P e c to r a l
Abdominal 27 27
M id a x i l l a
I l ium 25 21
T r i c e p  23 20
Weight -  Fat  39 .52  39.28
Weight -  Lean 90 .48  95 .72
P e rce n t  Fat  (%) 3 0 .4  29.1
F i t n e s s  T e s t in g
Step T es t  (BPM) 113 98
F l e x i b i l i t y  22 .5  22.5
S i t -Ups  14 20
Bench P ress  13 25
Ergometer  T es t
Workload 1 450 450
Hear t  Rate  143 129
Workload 2 600 600
Hear t  Rate  155 146
P r e d i c t e d  PWC 900 918
PWC (kgm/kg) 15.1 15.0
P r e d i c t e d  V02 Max 2 .29  2.10
V02 Max (ml /kg)  38 .5  34 .9
Train ing Heart Rate 137 148
Mon-Diabetic Subject: PS
148
At tendance :  66%
9/01 /38  12/12/33
T1 Date T2 Date
Age ( y e a r s )  20 20
Height  (cm) 164 152
Weight ( l b s / k g )  1 7 5 .0 / 7 9 .3  1 6 6 .5 /75 .5
Slood P r e s s u r e  (nm/Hg) 127/67 107/60
R e s t in g  Hear t  Rate (BPM) 84 78
S k i n f o l d s
P e c to r a l
Abdominal 46 30
M id a x i l l a
I l ium  39 22
T r i c e p  28 25
Weight -  Fat  66 .5  49 .2
Weight -  Lean 109.5 117.3
P e r c e n t  Fat (%) 37 .8  29.6
F i t n e s s  T e s t i n g
Step Tes t  (BPM) 151 140
F l e x i b i l i t y  20.0  21.0
S i t -U p s  20 27
Bench P r e s s  25 21
Ergometer  Tes t
Workload 1 150 150
Hear t  Rate  123 121
Workload 2 300 300
Hear t  Rate  140 138
P r e d i c t e d  PWC 829 847
PWC (kgm/kg) 10.71 11.21
P r e d i c t e d  V02 Max 2.13 2.17
V02 Max (ml/kg)  27.5  28 .8
Tra in ing Heart Rate 154 163
14Q
'Ion-D iabetic Subject: SN Attendance: 59
9 /1 /8 3  12 /05 /33
T1 Date T2 Date
Age ( y e a r s )  13 13
Height  (cm) 152 150
Weight ( l b s / k g )  19 6 .5 /3 9 .3  193 .3 /37
Blood P r e s s u r e  (mn/Hg) 95/33 119/79
R e s t in g  :-,jdrt Rate (BPM) 93 34
S k i n f o l d s
P e c to r a l
Abdominal 53 51
Midaxil  la
I l ium 43 56
T r i c e p  29 29
Weight - Fat  77 .0  78 .2
Weight -  Lean 119.46 115.07
P e r c e n t  Fat  { % )  39 .2  40 .5
F i t n e s s  T e s t in g
Step  Tes t  (BPM) 130 116
F l e x i b i l i t y  21 .0  23 .5
S i t -U p s  24 29
Bench P r e s s  17 16
Ergometer  Tes t
Workload 1 150 150
Hear t  Rate  154 124
Workload 2 300 300
Hear t  Rate  166 137
P r e d i c t e d  PWC 791 1050
PWC (kgm/kg) 8 .85  11.95
P r e d i c t e d  V02 Max 2 .04  2.64
V02 Max (ml /kg)  22 .9  29.9
Tra in ing Heart Rate 158 166
Non-Diabetic Subject: 'IF Attendance: 66%
9 /14 /88  12 /05 /88
T1 Date T2 Date
Age ( y e a r s )  38 33
Height  (cm) 163 153
Weight ( l b s / k g )  2 4 7 .5 /1 1 2 .4  241 .9 /109 .3
Blood P r e s s u r e  (mm/Hg) 147/96 144/102
R e s t in g  Hear t  Rate  (BPM) 90 73
S k i n f o l d s
P e c to r a l
Abdominal 47 51
M id a x i l l a
I l ium  43 49
T r ic e p  36 36
Weight -  Fat  100.39 98 .76
Weight -  Lean 147.09 142.12
P e r c e n t  Fat  (%) 40 .6  41 .2
F i t n e s s  T e s t in g
Step Tes t  (BPM) 141
F l e x i b i l i t y  15.5 17.0
S i t -U p s  23 22
Bench P re s s  25 38
Ergometer  Test
Workload 1 150 150
Heart  Rate  127 125
Workload 2 300 300
Hear t  Rate  142 134
P r e d i c t e d  PWC 700 1100
PWC (kgm/kg) 6 .20  10.10
P r e d i c t e d  V02 Max 1.84 2 .50
V02 Max (ml /kg)  16.4 22 .9
Training Heart Rate 145 151
APPENDIX G
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P r e / P o s t  a c u te  e x e r c i s e  blood g lu co s e  va lue s  f o r  d i a b e t i c  and non­
d i a b e t i c  s u b j e c t s  a f t e r  12 wk phys ica l  f i t n e s s  program.
DIABETIC
Sub j  / Pre E x e r c i s e Post  E x e r c i s e
Sex Mean SD Mean SD
1/M 189.42 + 43.38 139.05 + 43.90
2/M 178.88 + 40.53 64.55 + 17.15
3/F 126.66 + 29.43 110.13 + 29.65
4/F 120.96 + 46.36 60.25 + 13.41
5/F 139.75 + 30.23 79.25 + 25.99
X 151.14* 90.66*





Sub j  / Pre  E x e r c i s e Pos t  E x e r c i s e
Sex Mean SD Mean SD
6/F 79.0  + 6.37 71.5  + 7.85
7/F 89.3  + 3.40 57.0  + 6.16
8/F 111.0 + 14.51 113.0 + 6 .98
9/F 116.5 + 14.50 115.3 + 11.81
1 0 / F 93 .0  + 17.001 3 3 .6  + 22.88
11/F 76.7  + 13.72 71.3  + 6.94
12/F 93 .7  + 4.03 90 .0  + 5.66






NOTES: 1) * I n d i c a t e s  s i g n i f i c a n t  d e c re a s e  a t  .05 a lpha  with
m u l t i v a r i a t e  F t e s t .  [F=7.91 > 4 .84  c r i t i c a l ;  d f  
( 1 , 1 1 ) ;  p < . 0 5 ) .
2) M d e s i g n a t e s  male s u b j e c t ,  F d e s i g n a t e s  female  
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Raw d a ta  o f  DIABETIC s u b j e c t ' s  pre  and pos t  blood g lu c o s e  ( m g /d l ) 
d u r in g  a tw e lve  week e x e r c i s e  p e r i o d .
SUBJECT: ML SUBJECT: LH
PRE-EX POST-EX % CHANGE PRE-EX POST-EX % i
219 175 20 186 117 37
195 197 -1 126 115 09
172 130 24 174 100 43
185 122 34 131 66 50
238 205 13 124 45 64
210 133 34 94 80 04
198 111 44 150 93 38
265 208 22 104 68 35
108 56 48 167 53 68
172 108 37 137 131 04
236 122 48 167 102 39
226 178 21 150 84 44
189 146 23 168 61 64
193 150 24 130 65 50
217 188 13 119 78 34
141 117 17 81 65 20
124 104 16 198 73 37
161 66 41 135 89 34
195 120 38 125 84 33
129 72 44
189.42 139.05 27% X 139.75 79.25 37%
43 .38 +43.90 SD +30.28 +25.99
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SUBJECT: SS SUBJECT: AS
PRE-EX POST-EX % CHANGE PRE-EX POST-EX % I
164 54 67 103 106 02
160 55 59 143 102 29
197 •51 69 108 130 -20
201 72 64 89 126 -42
210 65 69 134 151 -13
113 73 31 115 79 31
206 75 64 105 150 -43
l l 7 55 53 127 88 31
157 81 43 146 94 36
146 65 55 212 198 07
163 107 36 131 105 20
129 44 66 126 104 17
110 70 36 131 99 24
93 45 52 118 115 03
60 48 20 97 89 09
64 51 20 110 116 -5
127 59 54 100 97 03
79 60 24 160 140 13
97 53 40 120 116 03
55 50 09 136 74 60
58 46 21 127 95 25
65 61 06 34 79 06
84 56 33 155 150 03
99 55 44 107 116 -8
87 65 25 97 114 -18
64 51 20 145 72 50





120.96 60.26 44% X 126.66 110.18 10-





































X 178.88 64 .55  63%
. SD +40.53 +17.15
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Raw d a ta  o f  NON-DIABETIC s u b j e c t ' s  pre  a  pos t  blood g lu co s e  (mg/dl) 
du r ing  12 wk e x e r c i s e  p e r i o d .  Each s u b j e c t  had blood drawn from t h r e e  
random e x e r c i s e  s e s s i o n s .  (N = 3) (Samples = 2 4 ) .
CASE___________ PRE-EX POST-EX % CHANGE
1 74 63 15
2 88 82 7
3 75 70 7
X = 79.00 71.66 9%
SD = + 6.37 + 7.35
4 94 50 47
5 88 65 27
6 36 56 35
X =• 89.33 57.00 36%
SD = + 3.40 + 6 .16
7 105 105 0
8 131 122 7
9 97 112 -14
X = 111.00 113.00 -2%
. SD = + 14.51 + 6 .98
10 102 108 -6
11 131 132 -1
12 84 106 -21
X = 116.50 115.33 1%
SD = + 14.50 + 11.31
13 106 115 -8
14 69 61 12
15 104 75 28
X = 93.00 83.66 10%
SD = + 17.00 + 22 .88
16 73 71 3
17 95 80 16
18 62 63 -2
X = 76.67 71.33 7%
SD = + 13.72 + 6 .94
19 97 86 12
20 96 98 -2
21 88 86 3
X = 93.67 90.00 4%
SD = + 4 .03 + 5 .66
22 78 80 -3
23 62 66 -7
24 71 75 -6
X = 70.33 73.67 -5%
SD = +, 6 .55 + 5.79
GROUP X = 91 .19  84 .46  7.4%
SD = 15.17 19 .38
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